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Two jurisdictions compete to attract shares of the R&D investment budget
of a large multinational enterprise, whose investments potentially confer
positive spillovers on national firms. The firm contributes to local welfare
by these spillovers (should they materialize), by tax payments and by
dividends paid to local investors. The firm has private information both
about its efficiency and about spillovers, and in particular whether the latter
do exist or not. It is shown that strategic tax competition may lead to
overinvestments relative to the first-best allocation, that the excessive
investments occur in the country where the positive spillover effects are
lowest, and that they are most severe for the least efficient firms.
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Devwudfw
Wzr mxulvglfwlrqv frpshwh wr dwwudfw vkduhv ri wkh U)G lqyhvwphqw exgjhw ri d
odujh pxowlqdwlrqdo hqwhusulvh/ zkrvh lqyhvwphqwv srwhqwldoo| frqihu srvlwlyh vslooryhuv
rq qdwlrqdo ￿upv1 Wkh ￿up frqwulexwhv wr orfdo zhoiduh e| wkhvh vslooryhuv +vkrxog wkh|
pdwhuldol}h,/ e| wd{ sd|phqwv dqg e| glylghqgv sdlg wr orfdo lqyhvwruv1 Wkh ￿up kdv
sulydwh lqirupdwlrq erwk derxw lwv h!flhqf| dqg derxw vslooryhuv/ dqg lq sduwlfxodu
zkhwkhu wkh odwwhu gr h{lvw ru qrw1 Lw lv vkrzq wkdw vwudwhjlf wd{ frpshwlwlrq pd| ohdg
wr ryhulqyhvwphqwv uhodwlyh wr wkh ￿uvw0ehvw doorfdwlrq/ wkdw wkh h{fhvvlyh lqyhvwphqwv
rffxu lq wkh frxqwu| zkhuh wkh srvlwlyh vslooryhu h￿hfwv duh orzhvw/ dqg wkdw wkh| duh
prvw vhyhuh iru wkh ohdvw h!flhqw ￿upv1
Mho1fodvv1qr1= G;5/ K54/ O84
Nh|zrugv= Wd{ Frpshwlwlrq/ U)G/ Frpprq Djhqf|
       	  
  
Qdwlrqdo jryhuqphqwv frpshwh wr dwwdfw lqyvwphqwv iurp pxowlqdwlrqdo hqwhusulvhv +PQHv,/
lq sduwlfxodu wkrvh ri U)G0lqwhqvlyh hqwhusulvhv wkdw pd| jhqhudwh srvlwlyh vslooryhu hi0
ihfwv +srvlwlyh h{whuqdolwlhv, iru qdwlrqdo ￿upv1 Jlyhq wkh fkdudfwhulvwlfv ri PQHv4/ h1j1
WZh wkdqn vhplqdu sduwlflsdqwv dw wkh Qruzhjldq Vfkrro ri Hfrqrplfv dqg Exvlqhvv Dgplqlvwudwlrq
iru khosixo frpphqwv1 Zh duh judwhixo wr Qruzhjldq Uhvhdufk Frxqflo iru ￿qdqfldo vxssruw1
_Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Ehujhq/ irvvzlqnhovjdwh 9/ 833: Ehujhq/ Qruzd|1 Skrqh= +7:,
88 8;< 549/ Id{= 88 8;< 543/ Lqwhuqhw= wurqg1rovhqChfrq1xle1qr
hVwdydqjhu Xqlyhuvlw| Froohjh 2 Qruzhjldq Vfkrro ri Hfrqrplfv dqg Exvlqhvv Dgplqlvwudwlrq1 Dgguhvv=
Vwdydqjhu Xqlyhuvlw| Froohjh/ Vhfwlrq ri Shwurohxp Hfrqrplfv/ Sr1Er{ 588: Xoodqgkdxj/ 7337 Vwdydqjhu/
Qruzd|1 Skrqh= +7:, 84 ;64 89;/ Id{= +7:, 84 ;64 883/ Lqwhuqhw== shwwhu1rvpxqgvhqCwq1klv1qr
4PQHv whqg wr eh lpsruwdqw lq lqgxvwulhv dqg ￿upv wkdw duh fkdudfwhul}hg e| kljk ohyhov ri U)G
uhodwlyh wr vdohv/ d kljk ydoxh ri lqwdqjleoh dvvhwv/ d odujh vkduh ri surihvvlrqdo dqg whfkqlfdo zrunhuv lq
4whfkqlfdoo| frpsoh{ surgxfwv/ wkhuh lv hyhu| uhdvrq wr eholhyh wkdw vxfk d ￿up lv ehwwhu
lqiruphg derxw lwv rshudwlrqv wkdq duh dq| ri wkh qdwlrqdo jryhuqphqwv wkdw lw uhodwhv wr1
Wkh lqwhuqdwlrqdo qdwxuh ri dq PQH dqg wkh kljk qxpehu ri lqwhu￿up wudqvdfwlrqv dovr
pdnh lw kdug iru wkh wd{ dxwkrulwlhv wr revhuyh wuxh lqfrph dqg frvwv1 Frxqwulhv wkdw wu|
wr dwwudfw lqyhvwphqwv iurp vxfk d ￿up/ pxvw wkhq wdnh lqirupdwlrqdo dv|pphwulhv lqwr
dffrxqw lq wkhlu srolf| ghvljq1 Rxu dlp lq wklv sdshu lv wr frqvwuxfw d prgho wkdw fdswxuhv
vrph ri wkhvh w|slfdo dvshfwv ri pxowlqdwlrqdov/ zlwk d sduwlfxodu irfxv rq vslooryhu h￿hfwv/
dqg wkhq vwxg| zkdw lpsolfdwlrqv wd{ frpshwlwlrq kdv iru lqyhvwphqw doorfdwlrqv lq wklv
vhwwlqj1
Zh frqvlghu d pxowl0sulqflsdo uhjxodwlrq prgho ri dq PQH1 Wkh PQH +wkh djhqw,
doorfdwhv lwv uhdo lqyhvwphqw sruwirolr lq wzr mxulvglfwlrqv/ dqg kdv dq rswlrq ri uhgluhfwlqj
sduwv ri wkh lqyhvwphqwv iurp rqh ri wkh mxulvglfwlrqv wr wkh rwkhu1 Wkh ￿up lv dvvxphg
wr kdyh sulydwh lqirupdwlrq derxw lwv qhw rshudwlqj sur￿wv dqg lwv surgxfwlylw| lq wkh wzr
frxqwulhv1 Lw lv dovr dvvxphg wr kdyh vxshulru lqirupdwlrq derxw wkh srwhqwldo srvlwlyh
vslooryhuv wkdw lwv dfwlylw| pd| jhqhudwh1 Dv d sduw ri d wd{ edujdlqlqj vwudwhj| wkh ￿up
pd| wkhq kdyh dq lqfhqwlyh wr plvuhsuhvhqw lwv hduqlqj srwhqwldo dqg wkh h{whqw ri vslooryhuv
lq hdfk lqglylgxdo frxqwu|1 Dovr/ kdylqj lqyhvwphqw rssruwxqlwlhv lq vhyhudo frxqwulhv/ wkh
PQH pd| wu| wr uhgxfh wd{ sd|phqwv lq hdfk frxqwu| e| dq lpsolflw wkuhdw ri gluhfwlqj
d odujhu iudfwlrq ri lwv lqyhvwphqw wr wkh qhljkerxulqj frxqwu|1 Lw lv vkrzq/ dprqj rwkhu
wklqjv/ wkdw vwudwhjlf wd{ frpshwlwlrq pd| ohdg wr ryhulqyhvwphqwv uhodwlyh wr wkh ￿uvw0ehvw
doorfdwlrq/ wkdw wkh h{fhvvlyh lqyhvwphqwv rffxu lq wkh frxqwu| zkhuh wkh srvlwlyh vslooryhu
h￿hfwv duh orzhvw/ dqg wkdw wkh| duh prvw vhyhuh iru wkh ohdvw h!flhqw ￿upv1
Diwhu wklv lqwurgxfwlrq wkh prgho lv suhvhqwhg lq vhfwlrq 5/ dqg wkhq vhfwlrqv 6 dqg
7 frqvlghu frrshudwlyh dqg qrq0frrshudwlyh htxloleuld/ uhvshfwlyho|1 Vslooryhu h￿hfwv duh
dqdo|vhg lq ghwdlo iru sdudphwulf ixqfwlrqv lq vhfwlrq 8/ uhodwhg olwhudwxuh lv glvfxvvhg lq
vhfwlrq 9/1dqg vhfwlrq : frqofxghv1
wkhlu zrun irufh/ surgxfwv wkdw duh qhz ru whfkqlfdoo| frpsoh{/ dqg kljk ohyhov ri surgxfw gl￿huhqwldwlrq
dqg dgyhuwlvlqj +Pdunxvhq 4<<8,1
5  
Zh prgho d wd{ edujdlqlqj vlwxdwlrq ehwzhhq d xqltxh/ odujh PQH +djhqw, dqg wzr lq0
ghshqghqw frxqwulhv +sulqflsdov,15 Wkhuh lv vwudwhjlf wd{ frpshwlwlrq ehwzhhq wkh wzr
frxqwulhv zkhuh wkh ￿up lv orfdwhg/ zklfk lv fdswxuhg e| d frpprq djhqf| iudphzrun1
Wkh PQH lqyhvwv N￿ lq frxqwu| 4 dqg N2 lq frxqwu| 5/ |lhoglqj joredo sur￿wv +ehiruh
wd{hv, ￿+N￿>N 2>￿,/ zkhuh ￿ lv dq h!flhqf| sdudphwhu16 Lqyhvwphqwv duh vxevwlwxwhv=
C2￿@CN￿CN2 ? 31 Wkhuh duh ydulrxv uhdvrqv iru dvvxplqj vxevwlwxwdelolw|1 Iluvw/ wkhuh
pd| eh lqwhudfwlrq h￿hfwv lq whupv ri mrlqw frvwv/ l1h1 joredo sur￿wv pd| eh ri wkh irup
￿+N￿>N 2>￿, @ Q￿+N￿>￿, . Q2+N2>￿, ￿ F+N￿ .N2,= +4,
zkhuh F+N￿ . N2, ghqrwhv mrlqw frvwv/ dqg Q￿+N￿>￿, ghqrwhv rshudwlqj sur￿wv iru wkh
d!oldwh lq frxqwu| l1 Frqyh{ frvwv/ l1h1 F￿ A 3>F ￿￿ A 3 lpso| hfrqrplf lqwhudfwlrq
h￿hfwv dprqj wkh wzr d!oldwhv> dq lqfuhdvh lq lqyhvwphqwv lq rqh ri wkh frxqwulhv lpsolhv
d kljkhu pdujlqdo mrlqw frvw/ dqg wkxv orzhu pdujlqdo +joredo, sur￿wv iurp lqyhvwphqwv lq
wkh rwkhu frxqwu|1 Wkhvh mrlqw frvwv pd| kdyh gl￿huhqw lqwhusuhwdwlrqv1 Iluvw/ N @ N￿.N2
pd| uhsuhvhqw vfdufh kxpdq fdslwdo/ h1j1 pdqdjhphqw uhvrxufhv ru whfkqlfdo shuvrqqho/
zkhuh zh dvvxph wkdw wkh PQH idfhv frqyh{ uhfuxlwphqw dqg wudlqlqj frvwv1 Vhfrqg/
N pd| uhsuhvhqw uhdo lqyhvwphqwv/ zkhuh F+N, duh pdqdjhphqw dqg prqlwrulqj frvwv
ri wkh PQH1 Hfrqrplf pdqdjhphqw dqg fr0ruglqdwlrq riwhq ehfrph pruh ghpdqglqj dv
wkh vfdoh ri lqwhuqdwlrqdo rshudwlrqv lqfuhdvh/ l1h1 F+N, lv olnho| wr eh frqyh{1 Ilqdoo|/
lqvwhdg ri ￿ ru lq dgglwlrq wr ￿ lqwhudfwlrq h￿hfwv iurp mrlqw frvwv/ wkhuh pd| lq wkh fdvh ri
lpshuihfw frpshwlwlrq eh lqwhudfwlrq h￿hfwv lq whupv ri pdunhw srzhu1 Iru h{dpsoh/ li wkh
wzr d!oldwhv vhoo wkhlu rxwsxw rq wkh vdph pdunhw +h1j1 lq d wklug frxqwu|,/ wkhlu dfwlylwlhv
duh vxevwlwxwhv= kljk lqyhvwphqwv +dqg rxwsxw, lq d!oldwh 4 uhgxfh wkh sulfh rewdlqhg
e| d!oldwh 51 Odvw/ exw qrw wkh ohdvw/ dq lpsruwdqw fdvh ri d pdunhw lqwhudfwlrq h￿hfw
dulvhv zkhq N￿ dqg N2 duh lqyhvwphqwv lq U)G> wkh pdujlqdo sd|r￿ rq U)G0dfwlylwlhv
ri d!oldwh 4 duh wkhq riwhq orzhu wkh kljkhu lv wkh U)G dfwlylw| ri d!oldwh 5/ h1j1 gxh wr
d udfh wr ghyhors d qhz surgxfw ru surfhvv1 Lq wkh dsshqgl{ zh suhvhqw d pruh ghwdlohg
5Dowhuqdwlyho|/ wkh prgho fdq eh lqwhusuhwhg dv ghvfulelqj pxowl0sulqflsdo uhjxodwlrq ri dq lqwhuqdwlrq0
doo| preloh lqgxvwu| zlwk d frqwlqxxp ri vpdoo ￿upv zlwk gl￿huhqw h!flhqf| w|shv iru lqyhvwphqwv lq wkh
wzr frxqwulhv dqg zlwk gl￿huhqw h{whqw ri orfdo vslooryhuv1
6Lq dgglwlrq wkhuh pd| eh vxqn lqyhvwphqwv lq erwk frxqwulhv1
6vshfl￿fdwlrq ri wkh jurvv sur￿w ixqfwlrq ￿+, iru wklv fdvh17
Wkh frxqwulhv frpshwh wr dwwudfw vfdufh uhdo lqyhvwphqwv iurp wkh PQH/ dqg ghvljq
wkhlu uhvshfwlyh wd{ v|vwhpv zlwk d ylhz wr wklv frpshwlwlyh vlwxdwlrq1 Wkh d!oldwhv ri wkh
PQH duh vhsdudwh dqg lqghshqghqw hqwlwlhv/ zklfk phdqv wkdw wkh| duh vxevlgldulhv dqg
wkxv wd{hg dw vrxufh1 Ohwwlqj u￿ dqg u2 ghqrwh/ uhvshfwlyho|/ wkh wd{hv sdlg wr wkh wzr
frxqwulhv/ wkh srvw0wd{ joredo sur￿wv ri wkh ￿up duh jlyhq e|
￿ @￿￿ u￿ ￿ u2= +5,
Wkh ￿up kdv sulydwh lqirupdwlrq derxw ￿1 Lw lv suhvxphg wkdw li wkh ￿up lv h!flhqw lq rqh
frxqwu| lw lv dovr dq h!flhqw rshudwru lq wkh rwkhu frxqwu|> iru uhdvrqv ri wudfwdelolw| zh
dvvxph wkdw wkh ￿up kdv wkh vdph h!flhqf| lq wkh wzr frxqwulhv1 Lw lv frpprq nqrzohgjh





wr wkh fxpxodwlyh glvwulexwlrq ixqfwlrq I+￿b ,/ zlwk ghqvlw| i+￿, A 3/ zkhuh ￿ ghqrwhv wkh
ohdvw dqg ￿ ￿ wkh prvw h!flhqw w|sh1 Wkh suredelolw| glvwulexwlrq vdwlv￿hv wkh prqrwrqh
kd}dug udwh frqglwlrq18 H!flhqw w|shv kdyh kljkhu qhw sur￿wv wkdq ohvv h!flhqw w|shv/
erwk rq dyhudjh dqg dw wkh pdujlq= C￿@C￿ A 3 dqg C2￿@C￿CN￿ A 3/ m @4 >5> zkhuh wkh
odwwhu lqhtxdolw| lv d vlqjoh furvvlqj frqglwlrq1 Wkh mrlqw uhwxuq ixqfwlrq kdv vx!flhqwo|
ghfuhdvlqj pdujlqdo uhwxuqv rq fdslwdo vr wkdw lw lv rswlpdo iru wkh ￿up wr lqyhvw lq erwk
frxqwulhv1
Wkh ￿up*v lqyhvwphqwv frqwulexwh +srwhqwldoo|, vrph srvlwlyh vslooryhuv2h{whuqdolwlhv
￿ H￿+N￿>￿, wr hdfk frxqwu|1 Wkh pdjqlwxghv ri wkhvh h{whuqdolwlhv duh nqrzq e| wkh ￿up/
exw qrw e| wkh dxwkrulwlhv1 Wkhvh duh dovr dvvxphg wr eh srvlwlyho| fruuhodwhg zlwk wkh
￿up*v surgxfwlylw|> vr C ￿ H￿+N￿>￿,@C￿ A 3=
Wkh PQH dqg wkh jryhuqphqwv duh ulvn qhxwudo1 Iru doo h!flhqf| w|shv wkh d!oldwh*v
qhw rshudwlqj sur￿wv lq hdfk frxqwu| duh vx!flhqwo| kljk vr wkdw erwk jryhuqphqwv dozd|v
zdqw wr lqgxfh wkh grphvwlf d!oldwh wr pdnh vrph lqyhvwphqwv lq wkhlu krph frxqwu|1
Grphvwlf frqvxphu vxusoxvhv lq wkh wzr frxqwulhv duh xqd￿hfwhg e| fkdqjhv lq wkh PQH*v
surgxfwlrq ohyho/ vlqfh wkh ￿up lv dvvxphg wr eh d sulfh wdnhu +ru lwv pdunhw lv rxwvlgh wkh
wzr frxqwulhv,1 Wkh jryhuqphqwv kdyh xwlolwduldq remhfwlyh ixqfwlrqv= wkh vrfldo grphvwlf
zhoiduh jhqhudwhg e| dq PQH ri h!flhqf| w|sh ￿ lv jlyhq e| d zhljkwhg vxp ri wkh grphvwlf
7Rovhq +4<<6, dqdo|vhv vlqjoh0sulqflsdo uhjxodwlrq ri lqghshqghqw U)G xqlwv/ dqg hpskdvl}hv wkh uroh
ri uhvhdufk dfwlylwlhv dv vxevwlwxwhv1
8Wklv frqglwlrq lv vdwlv￿hg e| prvw xvxdo suredelolw| glvwulexwlrqv/ h1j1/ wkh qrupdo/ xqlirup/ orjlvwlf
dqg h{srqhqwldo glvwulexwlrqv1
7wd{hv sdlg e| wkh ￿up/ wkh srvlwlyh vslooryhuv wkdw lw jhqhudwhv +iru rwkhu grphvwlf ￿upv,/
dqg wkh PQH*v joredo sur￿wv=
Z￿ @+ 4.￿￿,u￿ . ￿ H￿+N￿>￿,.￿￿￿> m @4 >5>
zkhuh ￿￿ lv wkh jhqhudo htxloleulxp vkdgrz frvw ri sxeolf ixqgv lq frxqwu| m/d q g￿￿ lv
wkh rzqhu vkduh ri frxqwu| m lq wkh PQH19 Zh kdyh wkdw ￿￿ A 3>m @4 >5/ vlqfh pdujlqdo
sxeolf h{shqglwxuh lv ￿qdqfhg e| glvwruwlyh wd{hv1 E| lqvhuwlqj iru Ht1+5,/ wkh vrfldo
zhoiduh ixqfwlrq iru frxqwu| 4 fdq eh uhvwdwhg dv
Z￿ @ +4.￿￿,+￿+N￿>N 2>￿, ￿ u2 . H￿+N￿>￿,, ￿ +4.￿￿ ￿ ￿￿,￿> +6,
zkhuh H￿+N￿>￿, @ ￿
￿nb￿
￿ H￿+N￿>￿,1 Wkh vrfldo zhoiduh frqvlvwv ri wzr whupv1 Wkh ￿uvw whup
lv grphvwlf vrfldo zhoiduh xqghu v|pphwulf lqirupdwlrq/ l1h1 wkh zhoiduh zh zrxog jhw li wkh
jryhuqphqw zhuh deoh wr wd{ dzd| doo wkh uhvlgxdo lqfrph ri wkh PQH1 Wkh jryhuqphqw*v
uhyhqxh lv lq wklv fdvh jlyhq e| wkh PQH*v qhw rshudwlqj sur￿wv plqxv iruhljq vrxufh wd{/
soxv wkh ￿dgmxvwhg￿ ydoxh ri vslooryhuv/ dqg lv pxowlsolhg e| +4.￿￿, wr rewdlq d zhoiduh
phdvxuh1 Wkh vhfrqg whup ri wkh zhoiduh ixqfwlrq fruuhfwv iru wkh orvv ri vrfldo zhoiduh
wkdw vwhpv iurp sulydwh lqirupdwlrq/ l1h1 wkh zhoiduh orvv wr wkh frxqwu| fdxvhg e| wkh
PQH nhhslqj sduwv ri wkh uhqw1 Wkh orvv fdxvhg e| lpshuihfw uhqw h{wudfwlrq lv htxdo wr
wkh PQH*v joredo uhqw pxowlsolhg e| wkh gl￿huhqfh ehwzhhq wkh zhoiduh zhljkwv iru lqfrph
dffuxlqj wr wkh PQH dqg wkh qdwlrqdo jryhuqphqw1 Wkh vrfldo zhoiduh ixqfwlrq iru frxqwu|
5 lv dqdorjrxv1 Dvvxplqj wkdw ￿￿ @ ￿2 @ ￿>
Z @ +4.￿,+￿+N￿>N 2>￿, . H￿+N￿>￿, . H2+N2>￿,, ￿ +4.￿ ￿ ￿￿ ￿ ￿2,￿ +7,
lv wkh frrshudwlyh zhoiduh ixqfwlrq1
Lqvhuwlqj ￿+￿, @3lq +7, dqg pd{lplvlqj zlwk uhvshfw wr1 N￿ dqg N2/ zh rewdlq




Yg2 @3 = Wklv doorfdwlrq lv
rewdlqhg lq wkh fdvh ri frrshudwlqj sulqflsdov dqg v|pphwulf lqirupdwlrq1 Wkh vroxwlrq
fdq eh dwwdlqhg e| lpsrvlqj w|sh0ghshqghqw wd{hv wkdw fruuhfw iru wkh h{whuqdolwhv dqg dw
wkh vdph wlph h{wudfw wkh ￿up*v uhqwv1
9Wkh vkdgrz frvw ri sxeolf ixqgv lv wdnhq dv h{rjhqrxvo| jlyhq lq rxu sduwldo dqdo|vlv1 Lw fdq eh
hqgrjhqlvhg e| d jhqhudo htxloleulxp prgho/ zlwkrxw d￿hfwlqj wkh txdolwdwlyh uhvxowv1 Vhh Od￿rqw dqg
Wluroh +4<<6,/ fkdswhu 71





Zkhq wkh djhqw srvvhvvhv sulydwh lqirupdwlrq dqg wkh sulqflsdov frrshudwh/ wkh| vhhn wr
pd{lplvh wkh mrlqw zhoiduh jlyhq e| Ht1+7,/ vxemhfw wr lqfhqwlyh dqg sduwlflsdwlrq frq0
vwudlqwv1 Wkh vwdqgdug surfhgxuh iru wklv fdvh lv +dqdorjrxvo| wr wkh vlqjoh0sulqflsdo fdvh,
wr dqdo|vh lw lq whupv ri gluhfw uhyhodwlrq phfkdqlvpv1: Wkh ￿up lv wkhq dvnhg wr pdnh
d uhsruw a ￿/ lq uhvsrqvh wr zklfk lw lv dvnhg wr lqyhvw N￿+a ￿, dqg N2+a ￿, dqg wr sd| wd{hv
u￿+a ￿, dqg u2+a ￿,1 Wklv |lhogv sur￿wv ￿+a ￿>￿,@￿ + N￿+a ￿,>N 2+a ￿,>￿,￿u￿+a ￿,￿u2+a ￿,1 Lqfhqwlyh





zkhuh ￿+￿, ￿ ￿+￿>￿,1 Lw fdq eh vkrzq wkdw vx!flhqw frqglwlrqv iru lqfhqwlyh frpsdwlelolw|
duh wkdw gN￿+￿,@g￿ A 3>m @4 >5= Zh vhh iurp Ht1+8, wkdw wkh ￿up*v uhqw lv lqfuhdvlqj
lq ￿/ l1h1 wr eh zloolqj wr uhyhdo wkhlu wuxh w|shv h!flhqw w|shv pxvw eh uhzdughg zlwk d
kljkhu uhqw wkdq lqh!flhqw w|shv +grzqzdug dgmdfhqw lqfhqwlyh frqvwudlqwv,1 Wkh rswlpdo













>m@4 >51+ 9 ,
Frpsduhg zlwk wkh ￿uvw0ehvw joredo rswlpxp/ wkh suhvhqfh ri dv|pphwulf lqirupdwlrq jhq0
hudwhv wkh dgglwlrqdo uljkw kdqg vlghv ri +9,/ zklfk uhsuhvhqw pdujlqdo lqirupdwlrq frvwv1
Wkh lqyhvwphqw sruwirolrv duh glvwruwhg lq rughu wr hqkdqfh wkh jryhuqphqwv* uhqw h{wudf0
wlrq iurp wkh PQH/ zklfk hqdeohv wkh jryhuqphqw wr uhgxfh glvwruwlyh wd{hv hovhzkhuh lq
wkh hfrqrp|1 Wkh glvwruwlrqv hqwdlo uhgxfwlrqv ri lqyhvwphqw ohyhov lq erwk frxqwulhv iru doo
w|shv h{fhsw wkh prvw h￿flhqw rqh1 Dw wkh vdph wlph/ glvwruwlrqv ri wkh fdslwdo doorfdwlrq
ghflvlrq ri wkh ￿up lpsolhv wkdw wkh wd{ edvh lv uhgxfhg1 Wkh lqyhvwphqw sruwirolrv duh
glvwruwhg wr wkh srlqw zkhuh wkh pdujlqdo ghdgzhljkw orvv htxdov wkh pdujlqdo ghdgzhljkw
orvvhv lq rwkhu vhfwruv ri wkh hfrqrp|1
Wkh rswlpdo vroxwlrq lq +9, fdq/ xqghu uhodwlyho| plog frqglwlrqv/ eh lpsohphqwhg e|
d wd{ vfkhgxoh U+N￿>N 2, zkhuh wrwdo wd{ sd|phqwv ghshqg rqo| rq uhdol}hg lqyhvwphqwv1
:Wkh Uhyhodwlrq Sulqflsoh +vhh/ h1j1/ Od￿rqw dq Wluroh 4<<6, jxdudqwhhv wkdw/ dprqj doo frqwudfwv wkh
sulqflsdo pd| xvh +lqfoxglqj qrq0olqhdu wd{ vfkhgxohv,/ wkh ehvw fdq dozd|v eh dfklhyhg e| wkh xvh ri gluhfw
uhyhodwlrq phfkdqlvpv1
;Iru d whfklfdo vxuyh| ri vlqjoh0sulqflsdo uhjxodwlrq wkhru|/ vhh Jxhvqhulh dqg Od￿rqw +4<;7,1
9+Vhh h1j1 Od￿rqw dqg Wluroh +4<;9/ 4<<6,,1< Dv d vhfrqg0ehvw uhvsrqvh wr dv|pphwulf
lqirupdwlrq/ wkh rswlpdo srolf| ghyldwhv iurp d ohyho sod|lqj ￿hog +wd{ qhxwudolw|,1 D edvlf
lqvljkw iurp uhjxodwlrq wkhru| 0 dssolhg wr d wd{ vhwwlqj 0 lv wr wdloru frusrudwh wd{ sd|phqwv
wr ￿upv* fkdudfwhulvwlfv1 Wkh  h{lelolw| lpsrvhg e| gl￿huhqwldo wd{ hqirufhphqw hqdeohv
wkh jryhuqphqwv wr udlvh zhoiduh/ uhodwlyh wr zkdw lv rewdlqhg zlwk d frpprq sursruwlrqdo
h￿hfwlyh wd{ udwh1 Wkh lqgxfhg lqyhvwphqw glvwruwlrqv lpsuryh wkh jryhuqphqwv* delolw|
wr fdswxuh uhqw +e| uhgxflqj wkh ￿up*v lqfhqwlyhv wr h{sorlw lwv lqirupdwlrq dgydqwdjh,1





Frqvlghu qrz wkh fdvh zkhuh wkh jryhuqphqwv ri wkh wzr frxqwulhv gr qrw frrshudwh/
exw udwkhu frpshwh wr dwwudfw wkh ￿up*v lqyhvwphqwv1 Lq wklv fdvh wkh PQH uhodwhv wr
hdfk jryhuqphqw vhsdudwho|1 Wkh jryhuqphqwv fdqqrw fuhgleo| vkduh lqirupdwlrq dqg
wkh| dfw qrq0frrshudwlyho|/ l1h1 zh vhhn shuihfw Ed|hvldq Qdvk Htxloleuld1 Zh zloo irfxv
rq wkh uhjxodwru| sureohp ri frxqwu| 4> wkh ghflvlrq sureohp ri frxqwu| 5 lv dqdorjrxv1
Frxqwu| 4 vhhnv wr pd{lplvh h{shfwhg grphvwlf zhoiduh/ vxemhfw wr lqfhqwlyh frpsdwlelolw|
frqvwudlqwv dqg sduwlflsdwlrq frqvwudlqwv iru wkh ￿up> jlyhq wkh vwudwhj| ri frxqwu| 51 Lq
wklv vhwwlqj lw lv qdwxudo wr dvvxph wkdw hdfk frxqwu| r￿huv d wd{ vfkhgxoh/ vshfli|lqj wkh
￿up*v wd{ reoldjdwlrq wr wkdw frxqwu| dv ixqfwlrq ri lwv lqyhvwphqwv wkhuh1 Vr zh duh orrnlqj
iru dq htxloleulxp lq wd{ vfkhgxohv +ru phqxhv, U￿+N￿,>U 2+N2,143 Wr lqwhusuhw wkhvh
wd{ vfkhgxohv/ zh fdq hqylvlrq wkh frxqwulhv nhhslqj wkh vwdwxwru| frusrudwh lqfrph wd{
udwhv ￿{hg/ dqg r￿hulqj qrq0olqhdu ghsuhfldwlrq vfkhgxohv dqg wd{ h{hpswlrqv wr dwwudfw
lqyhvwphqwv iurp wkh PQH1 Lq ghvljqlqj d qrq0olqhdu frusrudwh lqfrph wd{ vfkhph iru
lqwhuqdwlrqdoo| preloh ￿upv/ frxqwu| 4 wdnhv wkh ghsuhfldwlrq vfkhgxohv ri frxqwu| 5 dv
jlyhq1 Krzhyhu/ frxqwu| 4 pxvw wdnh lqwr dffrxqw wkdw lwv fkrlfh ri vwudwhj| +wd{ vfkhgxoh,
pd| fdxvh lqyhvwphqw h{whuqdolwlhv= d fkdqjh lq wkh frqwudfw ri frxqwu| 4 pd| d￿hfw wkh
djhqw*v lqyhvwphqw lq frxqwu| 5/ l1h1 wkh djhqw*v fkrlfh ri N￿ pd| d￿hfw lwv lqyhvwphqw
<Lq jhqhudo/ wklv zloo uhtxluh d wd{ ixqfwlrq wkdw lv qrw dgglwlyh vhsdudeoh1 Wr lpsohphqw wkh frrshudwlyh
vroxwlrq wd{hv pxvw wkxv lq jhqhudo eh frruglqdwhg vxfk wkdw wkh pdujlqdo wd{ lq rqh frxqwu| ghshqgv rq
lqyhvwphqwv lq erwk frxqwulhv1
43Wkh Uhyhodwlrq Sulqflsoh +lq lwv xvxdo irup, lv qrw jhqhudoo| ydolg iru frpprq djhqf|/ vr wkhuh pd|
h{lvw htxloleuld lq pruh jhqhudo phvvdjh vsdfhv wkdw fdq qrw eh uhsolfdwhg dv dq htxloleulxp lq gluhfw
uhyhodwlrq phfkdqlvpv +Pduwlpruw dqg Vwroh 4<<:/ Shwhuv 4<<<,1 Wkh uhvwulfwlrq wr wd{ vfkhgxohv vhhpv
uhdvrqdeoh lq wkh fxuuhqw dssolfdwlrq1
:N2/ dqg wkhuhe| pdnh lw ghyldwh iurp wkh lqyhvwphqw ohyho lqwhqghg iru lw e| frxqwu| 51
Vlplodu frqvlghudwlrqv dsso| iru wkh odwwhu frxqwu|1 D frqvwudlqw rq htxloleulxp frqwudfwv
lv lpsrvhg e| wkh iroorzlqj ihdvleoh vwudwhjlhv= wr fdswxuh d odujhu iudfwlrq ri wkh PQH*v
uhqw/ hdfk frxqwu| zloo dwwhpsw wr lqgxfh wkh PQH wr ghyldwh iurp wkh lqyhvwphqw ohyho







Jlyhq wkh wd{ ixqfwlrq r￿huhg e| frxqwu| 5/ zh fdq xvh wkh Uhyhodwlrq Sulqflsoh wr ￿qg
wkh rswlpdo uhvsrqvh44 iurp frxqwu| 41 Wkh PQH*v sur￿wv dv d ixqfwlrq ri lwv uhsruw
a ￿￿ wr frxqwu| 4 dqg lwv wuxh w|sh duh qrz jlyhq e| ￿+a ￿￿>￿, @￿ +N￿+a ￿￿,>N 2+a ￿￿,>￿, ￿
U￿+N￿+a ￿￿,,￿U2+N2+a ￿￿,,/ zkhuh wkh ￿up*v lqyhvwphqwv lq frxqwu| 5 pxvw vdwlvi| N2+a ￿￿, @
dujpd{g2^￿+N￿+a ￿￿,>N 2>￿, ￿ U2+N2,‘1 Lqfhqwlyh frpsdwlelolw| uhtxluhv wkdw wkh ￿up uh0
sruwv wuxwkixoo| +a ￿￿ @ ￿,/ zklfk lpsolhv wkdw +8, pxvw krog iru htxloleulxp sur￿wv lq
wklv qrq0frrshudwlyh fdvh dv zhoo1 Lq rughu iru wkh ￿up*v lqyhvwphqwv lq frxqwu| 5 wr eh
lqfhqwlyh frpsdwleoh/ zh pxvw ixuwkhu kdyh
C￿
CN2
+N￿+￿,>N 2+￿,>￿, ￿ U￿
2+N2+￿,, @3 = +:,
Wkh ghflvlrq sureohp ri frxqwu| 4 fdq qrz eh vhhq dv pd{lpl}lqj grphvwlf zhoiduh vxemhfw
wr wkh frqvwudlqwv +8,/ +:, dqg ￿+￿, ￿ 3145 Wkdw lv/ wkh uhjxodwru| sureohp lv vlplodu wr
wkh frrshudwlyh fdvh/ zlwk dq dgglwlrqdo uhvwulfwlrq1 Iroorzlqj d surfhgxuh vlplodu wr
Pduwlpruw +4<<5/ 4<<9, 0 vhh wkh Dsshqgl{ 0 rqh fdq vhh wkdw/ li wkh v|vwhp ri gl￿huhqwldo
htxdwlrqv ehorz gh￿qhv d sdlu ri qrqghfuhdvlqj lqyhvwphqw vfkhgxohv iN￿+￿,>N 2+￿,j/d q g
wkrvh vfkhgxohv lq dgglwlrq vdwlvi| d vhw ri lpsohphqwdelolw| frqglwlrqv/ wkh| frqvwlwxwh d
44Iru d jlyhq wd{ ixqfwlrq r￿huhg e| frxqwu| 5/ lw lv qrw uhvwulfwlyh wr frqvlghu rqo| gluhfw wuxwkwhoolqj
phfkdqlvpv lq frxqwu| 4*v ehvw uhvsrqvh sureohp> wkh Uhyhodwlrq Sulqflsoh krogv iru wklv vlqjoh0sulqflsdo
sureohp1 Uhvwulfwlqj erwk sulqflsdov vlpxowdqhrxvo| wr vxfk phfkdqlvpv/ krzhyhu/ grhv lq jhqhudo d￿hfw
wkh htxloleulxp1
45Wkh frqvwudlqw +8, lv rqo| wkh ￿uvw0rughu frqglwlrq iru wkh ￿up*v rswlpdo fkrlfh ri uhsruw1 Xqghu
dgglwlrqdo frqglwlrqv +frpprq lpsohphqwdelolw| frqglwlrqv, rqh fdq fkhfn h{ srvw wkdw wkh ￿uvw0rughu
frqglwlrq lv vx!flhqw iru rswlpdolw|1























8 4 ￿ I+￿,
i+￿,
= +;,
Wr lqwhusuhw dqg xqghuvwdqg +;,/ zh suhvhqw khuh d khxulvwlf ghulydwlrq ri wklv htxloleulxp
frqglwlrq1 Frxqwu| 4 wdnhv wkh rwkhu frxqwu|*v wd{ vfkhgxoh dv jlyhq/ dqg uhfrjqlvhv
wkdw wkh ￿up fkrrvhv iruhljq lqyhvwphqwv N2/ frqglwlrqdo rq grphvwlf lqyhvwphqwv N￿ lq
dffrugdqfh zlwk +:,1 D fkdqjh lq grphvwlf wd{hv wkdw lqgxfhv d fkdqjh gN￿ lq grphvwlf




zkhuh ￿￿￿ ghqrwh vhfrqg0rughu sduwldov1 D ￿up ri w|sh ￿ fdq/ e| plplfnlqj d ohvv h￿flhqw
w|sh ￿ ￿ g￿/ rewdlq sur￿wv g￿ @ Y￿
Ywg￿/ vr frxqwu| 4 pxvw ghvljq lwv wd{ vfkhph wr doorz
iru vxfk sur￿wv +uhqwv,1 D wd{ fkdqjh wkdw lqgxfhv dq lqyhvwphqw fkdqjh gN￿ iru w|sh ￿












Wr suhvhuhyh lqfhqwlyh frpsdwlelolw|/ wkh vdph uhqw gl￿huhqwldo pxvw eh jlyhq wr doo ehwwhu
w|shv/ l1h1 wr d iudfwlrq 4 ￿ I+￿, ri doo w|shv1 Wkh frvw ri wklv uhqw wr frxqwu| 4 lv
+4.￿￿￿￿,g￿1 Wklv frvw pxvw eh zhljkwhg djdlqvw wkh h!flhqf| jdlq/ zklfk iurp +6/:, lv
jlyhq e| +4.￿,+Y.￿
Yg￿ . Y￿
Yg￿,gN￿i+￿,g￿1 Lw iroorzv wkdw +;, h{suhvvhv dq rswlpdo wudgh0r￿
iru frxqwu| 4 +iru m @4 >l@5 ,/ surylghg wkdw wkh odvw whup lq wkh vtxduh eudfnhwv lv dq
dghtxdwh uhsuhvhqwdwlrq ri wkh lqyhvwphqw uhvsrqvh _g2
_g￿ @ 3￿￿2
￿223-￿￿
2 1 Wr yhuli| wkdw wklv lv
wkh fdvh/ zh qrwh wkdw +:, pxvw krog iru doo w|shv lq htxloleulxp/ dqg e| gl￿huhqwldwlrq ri






￿ krogv lq lq htxloleulxp1
Khqfh lw iroorzv wkdw +;, lv d sdlu ri htxloleulxp frqglwlrqv iru wkh lqyhvwphqw doorfdwlrqv
wkdw iroorz iurp wkh wzr frxqwulhv* vwudwhjlf fkrlfh ri wd{ vfkhgxohv1
Wr fkdudfwhul}h wkh htxloleulxp wd{ ixqfwlrqv/ qrwh wkdw +:, krogv iru hdfk w|sh ￿1O h w
￿￿+N￿, e hw k hw | s hw k d wl q y h v w vN￿ lq frxqwu| m lq htxloleulxp> l1h1 ￿￿+, lv wkh lqyhuvh
ri wkh htxloleulxp lqyhvwphqw vfkhgxoh N￿+￿,> dvvxplqj wkdw wkh odwwhu lv lqyhuwleoh +h1j1






46Zh jhw wkh uhvxow/ wudglwlrqdo iru frpprq djhqf| prghov/ wkdw wkh wrwdo wd{ sd|phqwv ri wkh PQH duh
xqltxho| ghwhuplqhg lq htxloleulxp/ exw qrw wkh glvwulexwlrq ehwzhhq wkh wzr frxqwulhv1 Wkh odwwhu zrxog
eh ghwhuplqhg rxwvlgh wkh prgho e| d edujdlqlqj jdph ehwzhhq wkh wzr jryhuqphqwv/ dqg zloo qrw d￿hfw
wkh uhvxowv ri wkh prgho1
<Wklv uhodwlrq ghwhuplqhv pdujlqdo wd{ udwhv iru doo lqyhvwphqw ohyhov wkdw fdq eh uhdol}hg
lq htxloleulxp1 Qrwh wkdw wkh wd{ vfkhgxoh iru dq lqglylgxdo frxqwu| pxvw/ iru d jlyhq
wd{ v|vwhp lq wkh rwkhu frxqwu|/ edodqfh wzr frqfhuqv= +l, wr lqgxfh surgxfwlrq h!flhqf|
dqg +ll, wr h{wudfw uhqwv iurp wkh ￿up1 Wkh ￿uvw fdoov iru qhjdwlyh wd{ udwhv +vxevlglhv,
wr fruuhfw iru h{whuqdo vslooryhuv iurp wkh ￿up/ wkh vhfrqg iru srvlwlyh wd{ udwhv wr uhgxfh
lqyhvwphqwv dqg wkhuhe| idflolwdwh uhqw h{wudfwlrq e| uhod{lqj wkh lqfhqwlyh frqvwudlqwv1
Wkh htxloleulxp frqglwlrqv +;, vkrz wkdw wkhuh duh qr glvwruwlrqv iurp wkh ￿uvw0ehvw *dw
wkh wrs* +iru w|sh ￿ ￿,1 Lw iroorzv wkdw wkh pdujlqdo wd{ udwhv jlyhq e| +43, duh qhjdwlyh iru
lqyhvwphqwv qhdu ￿ N￿ @ N￿+￿ ￿,>l qi d f wz hk d y hU￿
￿+ ￿ N￿,@ Y￿
Yg￿+ ￿ N￿> ￿ N￿>￿ ￿,@￿
Y.￿
Yg￿+ ￿ N￿>￿ ￿,1
Wkhvh pdujlqdo vxevlglhv lqgxfh dq h!flhqw ￿up ￿ zklfk e| dvvxpswlrq dovr jhqhudwhv
kljk vslooryhuv ￿ wr lqfuhdvh lwv lqyhvwphqwv eh|rqg zkdw zrxog rwkhuzlvh kdyh ehhq sul0
ydwho| rswlpdo1 Wkh frqfhuq wr lqgxfh surgxfwlrq h!flhqf| wkxv grplqdwhv iru vxfk *kljk*
lqyhvwphqwv1 Lq rughu wr h{wudfw uhqwv iurp wkh ￿up/ ohvv h￿flhqw w|shv vkrxog eh lqgxfhg






Frpsdulqj wkh frrshudwlyh dqg wkh qrq0frrshudwlyh lqyhvwphqw vroxwlrqv/ jlyhq e| Htv1
+9, dqg +;,/ uhvshfwlyho|/ zh vhh wkdw lq wkh odwwhu fdvh wkh pdujlqdo lqirupdwlrq frvwv
frqwdlq dq dgglwlrqdo whup/ zklfk dffrxqwv iru wkh lqwhudfwlrq h￿hfw ri frpprq djhqf|1
Wkh dgghg whup lv qhjdwlyh/47 l1h1 wkh h￿hfwlyhqhvv ri lqyhvwphqw glvwruwlrqv dv d phdqv iru
uhod{lqj wkh PQH*v lqfhqwlyh frqvwudlqw duh orzhu zkhq wkh frxqwulhv frpshwh wkdq zkhq
wkh| frooxgh1 Wklv whup uhsuhvhqwv d vhfrqg0rughu uhqw h￿hfw zklfk fdoov iru lqfuhdvlqj
wkh lqyhvwphqw ohyhov iru doo ￿upv exw wkh prvw h!flhqw rqh1 Lw lv gxh wr wkh delolw| wkdw
jryhuqphqw m +yld d vwudwhjlf wd{ srolf|, kdv wr d￿hfw wkh lqyhvwphqw N￿ wkdw wkh PQH
pdnhv lq frxqwu| l1 E| lpsrvlqj pdujlqdo wd{hv wkdw lqgxfh dq lqfuhdvh lq wkh PQH*v
grphvwlf lqyhvwphqwv/ wkh jryhuqphqw ri frxqwu| m fdxvhv lqyhvwphqwv wr idoo lq frxqwu| l
+iru vxevwlwxwhv zh kdyh wkdw _g￿
_g￿ ? 3,/ zklfk kdv wkh h￿hfw/ fhwhulv sdulexv/ ri lqfuhdvlqj
wkh wd{ uhyhqxh ri frxqwu| m +￿vfdo h{whuqdolw|,1 Zh fdqqrw jhqhudoo| ghwhuplqh zklfk ri
47Wkh qxphudwru lv srvlwlyh dqg zh nqrz iurp wkh qhfhvvdu| vhfrqg0rughu frqglwlrqv iru frpprq lp0
sohphqwdelolw| wkdw wkh ghqrplqdwru lv qhjdwlyh1
43wkh wzr h￿hfwv wkdw grplqdwhv/ l1h1 dq ryhulqyhvwphqw uhvxow lv qrw suhfoxghg148
Wkh whupv lq Htv1 +9, dqg +;, lqyroylqj ￿ dqg ￿￿*v dffrxqw iru wkh gl￿huhqfh lq zhoiduh
zhljkwv ri lqfrph wkdw dffuxh wr wkh jryhuqphqw dqg wkh PQH +qrupdolvhg e| wkh vkdgrz
frvw ri sxeolf ixqgv,/ dqg whoov xv krz vwurqj d prwlyh wkh jryhuqphqwv kdyh wr fdswxuh
wkh PQH*v uhqwv1 Lq wkh qrq0frrshudwlyh fdvh/ wkh prwlyh ri uhqw h{wudfwlrq lv dozd|v wkh
vwurqjhu +4.￿￿￿￿ A 4.￿￿￿￿￿￿￿,/ vlqfh wkh jryhuqphqwv lq wklv fdvh gr qrw lqwhuqdolvh
wkh sur￿wv wkdw dffuxh wr wkh lqyhvwruv lq wkh rwkhu frxqwu| +htxlw| h{whuqdolwlhv,1
Dqdorjrxv wr Vwroh +4<<5, dqg rwkhuv zh jhw ￿vfdo h{whuqdolwlhv> zkhq ghvljqlqj d wd{
srolf| wkdw fdswxuhv d odujhu iudfwlrq ri wkh PQH*v lqyhvwphqw exgjhw/ frxqwu| m grhv
qrw wdnh lqwr dffrxqw wkh orvv ri wd{ uhyhqxh lq frxqwu| l= Idlolqj wr dffrxqw iru wklv
vwudwhjlf lqwhudfwlrq/ wklv fdoov iru lqyhvwphqwv wr h{fhhg wkh lqyhvwphqw ohyho ghwhuplqhg
e| wkh frrshudwlyh vroxwlrq1 Xqolnh Vwroh +4<<5,/ e| dvvljqlqj srvlwlyh zhoiduh zhljkwv
wr wkh djhqw*v uhqwv/ zh dovr jhw htxlw| h{whuqdolwlhv= wkh jryhuqphqwv gr qrw lqwhuqdolvh
wkh h￿hfw rq wkh uhqwv wkdw dffuxh wr vkduhkroghuv lq wkh rwkhu frxqwu|149 W k l vo h d g vw r
d pruh djjuhvvlyh uhqw froohfwlrq e| wkh jryhuqphqwv/ zklfk lpsolhv kljkhu glvwruwlrqv
+orzhu lqyhvwphqwv, wkdq lq wkh frrshudwlyh fdvh1 Wkh odwwhu +xqghulqyhvwphqw, h￿hfw zloo
grplqdwh zkhq erwk ￿ dqg wkh ￿up*v rxwvlgh rzqhu vkduh +4 ￿ ￿￿ ￿ ￿2, duh vpdoo/ wkh
iruphu +ryhulqyhvwphqw, h￿hfw pd| grplqdwh rwkhuzlvh/ h1j1 zkhq vslooryhuv duh vpdoo
dqg wkh lqyhvwphqwv N￿>N 2 duh forvh vxevwlwxwhv iru wkh ￿up14: Wkh iroorzlqj sursrvlwlrq
vxppdul}hv wklv glvfxvvlrq> lq wkh qh{w vhfwlrq zh zloo vwxg| lq pruh ghwdlo krz vslooryhuv
d￿hfw doorfdwlrqv1
Sursrvlwlrq 4 Zkhq wzr frxqwulhv frpshwh wr dwwudfw d odujh vkduh ri dq PQH*v lq0
yhvwphqw exgjhw/ dqg zkhq wkhuh lv sulydwh lqirupdwlrq derxw qhw rshudwlqj sur￿wv dqg
48L iw k h u hl vd￿ u pw | s h￿ w￿ iru zklfk wkh ￿uvw0 dqg vhfrqg0rughu uhqw h￿hfwv duh h{dfwo| r￿vhwwlqj +l1h1/
iru zklfk wkh eudfnhwhg h{suhvvlrq lq Ht1 +;, lv }hur,/ wkhuh duh wzr w|shv iru zklfk zh jhw lqyhvwphqw
qhxwudolw|> 7 w dqg ￿ w￿1
49D vlplodu w|sh ri h{whuqdolw| lv suhvhqw lq Pduwlpruw +4<<9,/ zkhuh pxowlsoh uhjxodwruv kdyh eldvhg
remhfwlyhv idyrulqj dq lqwhuhvw jurxs1 Wkh h{whuqdolw| h￿hfwv duh gl￿huhqw/ krzhyhu/ vlqfh wkh ghflvlrqv
frqvlghuhg wkhuh duh frpsohphqwv/ zkloh rxuv duh vxewlwxwhv1
4:Iru wkh fdvh ri }hur vslooryhuv wklv zdv vkrzq lq Rovhq dqg Rvpxqgvhq +4<<<d,1 Iru shuihfw vxevwlwxwhv
+￿￿￿ ’￿ ￿2, wkh ￿uvw0ehvw lqyhvwphqwv zloo wkhq vdwlvi| wkh qrq0frrshudwlyh htxloleulxp frqglwlrqv/ dqg
htxloleulxp lqyhvwpphqwv zloo wkxv h{fhhg frrshudwlyh lqyhvwphqw ohyhov/ zklfk duh orzhu wkdq ￿uvw0ehvw
zkhq b dqg2ru wkh rxwvlgh rzqhu vkduh duh srvlwlyh1 Zkhq wkh odwwhu sdudphwhuv duh }hur dqg lqyhvwphqwv
duh qrw shuihfw vxewlwxwhv/ wkh frrshudwlyh vroxwlrq zloo frlqflgh zlwk wkh ￿uvw0ehvw rswlpxp/ zkloh wkh
qrq0frrshudwlyh htxloleulxp zloo hqwdlo xqghulqyhvwphqwv gxh wr htxlw| h{whuqdolwlhv1
44h!flhqf|/ wkh glvwruwlrq ri wkh lqyhvwphqw sruwirolr lv lq htxloleulxp ghwhuplqhg e| d
wudgh0r￿ ehwzhhq d ￿uvw0rughu +frqyhqwlrqdo, dqg d vhfrqg0rughu +vwudwhjlf lqwhudfwlrq,
uhqw h￿hfw1 Frpsduhg zlwk wkh frrshudwlyh vroxwlrq/ vwudwhjlf lqwhudfwlrq dprqj jryhuq0
phqwv lqwurgxfhv ￿vfdo h{whuqdolwlhv dqg htxlw| h{whuqdolwlhv/ kdylqj rssrvlwh h￿hfwv rq
lqyhvwphqw ohyhov1 Khqfh/ lw fdqqrw eh jhqhudoo| ghwhuplqhg zkhwkhu wd{ frpshwlwlrq ohdgv
wr kljkhu ru orzhu lqyhvwphqwv1
Zh ￿qdoo| frpphqw khuh wkh dvvxpswlrq pdlqwdlqhg lq wklv sdshu wkdw wkh ￿up fdqqrw
frpsohwho| hvfdsh wd{dwlrq lq rqh frxqwu| e| prylqj doo ri lwv rshudwlrqv wr wkh rwkhu
frxqwu|1 Wr xqghuvwdqg vrph ri wkh udpl￿fdwlrqv ri wklv dvvxpswlrq/ vxssrvh lqvwhdg wkdw
vxfk pryhv duh ihdvleoh iru wkh ￿up1 Wklv lpsrvhv dgglwlrqdo sduwlflsdwlrq frqvwudlqwv rq
wkh sulqflsdov> wkh ￿up*v +htxloleulxp, uhqw pxvw wkhq eh dw ohdvw dv odujh dv zkdw wkh
￿up fdq rewdlq e| hvfdslqj dq| rqh frxqwu|1 Lw dsshduv wkdw +dw ohdvw iru vrph ixqfwlrqdo
irupv, wkhvh dgglwlrqdo frqvwudlqwv zloo rqo| d￿hfw wkh glvwulexwlrq ri uhqwv ehwzhhq wkh
sduwlhv= h{fhsw iru oxps0vxp uhqw wudqvihuv/ wkh htxloleulxp doorfdwlrq zloo eh wkh vdph
dv ehiruh14; Wklv phdqv wkdw wkh frxqwulhv fdqqrw/ zkhq wkh| frpshwh/ frpsohwho| wd{
dzd| doo uhqwv iurp wkh ohdvw h!flhqw w|sh ri ￿up> hyhq wklv w|sh zloo nhhs vrph +prelolw|,
uhqwv1 Lq wklv fdvh/ wkhuhiruh/ w|shv zlwk orz h!flhqf| zloo lq jhqhudo eh ehwwhu r￿ xqghu
wd{ frpshwlwlrq frpsduhg wr wd{ frruglqdwlrq1 Pruh h!flhqw w|shv dssduhqwo| pd| ru
pd| qrw eh ehwwhu r￿ lq wkh frpshwlwlyh uhjlph> wklv vhhpv wr ghshqg rq krz udslgo|
lqirupdwlrq uhqwv lqfuhdvh zlwk w|sh14<
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E| dvvxplqj vshfl￿f ixqfwlrqv/ h{solflw uhjxodwru| phfkdqlvpv pd| eh ghulyhg1 Zh vroyh
iru wkh fdvh ri txdgudwlf2olqhdu ixqfwlrqv dqg d xqlirup glvwulexwlrq1 Zh ixuwkhu dvvxph
khuh wkdw wkh ￿up*v sulydwh lqyhvwphqw uhwxuqv duh v|pphwulf ehwzhhq wkh wzr frxqwulhv1
4;Whfkqlfdoo|/ wkh qhz sduwlflsdwlrq frqvwudlqw idflqj sulqflsdo ￿ zloo dssduhqwo| elqg rqo| iru wkh ohdvw
h!flhqw w|sh= li @Ew￿ lv wkh dowhuqdwlyh uhqw wkh ￿up fdq rewdlq e| hvfdslqj frxqwu| ￿/d q gZEw￿ lv wkh
uhqw lq wkh *qr0hvfdsh* htxloleulxp/ rqh fdq vhh wkdw/ dw ohdvw iru wkh txdgudwlf0xqlirup fdvh/ wkdw zh kdyh
Z
￿Ew￿ D @
￿Ew￿1 Fdo}rodul +4<<;, dovr pdnhv wklv srlqw1
4<Wklv revhuydwlrq khosv xv xqghuvwdqg wkh dssduhqw *glvfrqwlqxlw|* ehwzhhq vrph ixoo0lqirupdwlrq +h1j1/
]rgurz dqg Plhv}nrzvnl 4<;9, dqg rxu dv|pphwulf0lqirupdwlrq prgho ri wd{ frpshwlwlrq= jlyhq wkh
hvfdsh rswlrq lw pd| ghshqg rq wkh h{whqw ri xqfhuwdlqw| zkhwkhu wd{ frpshwlwlrq lv dgydqwdjhrxv ru qrw
iru wkh ￿up1
45Wkh vshfl￿f ixqfwlrqdo irupv duh=
H￿+N￿>￿,@h￿￿N￿
￿+N￿>N 2>￿,@+ p￿ . n,￿￿N￿ ￿ ￿
2t￿￿N2
￿ ￿ ￿
2d+N￿ . N2,2/z l w kp>t>d A 3> dqg
i+￿,@4 >￿ 5 ^3>4‘=
Iru wkh ￿uvw0ehvw doorfdwlrq zh jhw wzr htxdwlrqv> Y￿
Yg￿ .
Y.￿
Yg￿ @3 / m @4 >5/ zklfk |lhog wkh
vroxwlrqv
N￿8+￿,@
+p .h￿,+t . d, ￿ +p . h￿,d
+t . d,2 ￿d2 ￿ .
nt
+t . d,2 ￿d2 ￿ N￿
￿8 ￿ ￿ . O￿8>
zkhuh wkh lghqwlw| gh￿qhv wkh vorsh +N￿
￿8, dqg lqwhufhsw +O￿8, ri wklv olqhdu uhodwlrq1 Zh
dvvxph +p . h￿,+t.d,￿+p . h￿,dA3>l >m@4 >5> lpso|lqj wkdw wkh ￿uvw0ehvw lqyhvwphqw
ohyhov duh lqfuhdvlqj lq ￿ lq erwk frxqwulhv1
Wkh frrshudwlyh vroxwlrq dv jlyhq e| Ht1 +9,> lpsolhv wzr htxdwlrqv ri wkh irup
+p . h￿,￿ . n ￿ +t . d,N￿ ￿ dN￿ @ ￿nb3k￿3k2
￿nb p+4 ￿ ￿,1 Wkh frrshudwlyh htxloleulxp
dovr |lhogv lqyhvwphqw ohyhov wkdw duh olqhdu lq ￿> vshfl￿fdoo| N￿￿+￿, @ N￿





E^n@￿23@2/ ￿ @ ￿nb3k￿3k2
￿nb > dqg O￿￿ lv vxfk wkdw wkhuh lv qr glvwru0
wlrq iurp wkh ￿uvw0ehvw doorfdwlrq iru wkh ehvw w|sh +￿ @4 ,/ l1h1 O￿￿ @ ￿N￿
￿￿.N￿
￿8 .O￿81
Wkhuh lv xqghulqyhvwphqw lq frxqwu| m li wkh frrshudwlyh lqyhvwphqw vfkhgxoh lq wkdw frxq0
wu| lv vwhhshu wkdq wkh fruuhvsrqglqj ￿uvw￿ehvw vfkhgxoh +l1h1 li N￿
￿￿ AN ￿
￿8,1 Zh vhh wkdw
xqghu rxu dvvxpswlrqv wklv zloo fhuwdlqo| eh wkh fdvh iru erwk frxqwulhv dv orqj dv ￿A3/
l 1 h 1d vo r q jd v￿A3 dqg2ru ￿￿ . ￿2 ? 41V rz hp d |v w d w h =
Sursrvlwlrq 5 Lq wkh xqlirup0txdgudwlf fdvh zkhuh wkh frxqwulhv duh v|pphwulf h{fhsw
srvvleo| iru vslooryhu h￿hfwv/ wkh frrshudwlyh vroxwlrq |lhogv xqghulqyhvwphqw +uhodwlyh wr
￿uvw0ehvw, lq erwk frxqwulhv1 Wkh glvwruwlrqv lqfuhdvh zlwk lqfuhdvlqj ￿ dqg2ru lqfuhdvlqj
rxwvlgh rzqhuvkls +4 ￿ ￿￿ ￿ ￿2,1




Wkh htxdwlrqv wkdw gh￿qh wkh frpprq0djhqf| htxloleulxp wdnh lq wklv h{dpsoh wkh irup=










+4 ￿ ￿,>m@4 >5= Vhhnlqj
olqhdu vroxwlrqv N￿+￿, @ O￿ .N￿
￿ ￿￿> m @4 >5> wr wkhvh gl￿huhqwldo htxdwlrqv/ zh ￿qg wkdw
wkh vorsh sdudphwhuv +N￿
￿, pxvw vdwlvi|













46zkloh wkh lqwhufhsw sdudphwhuv +O￿, fdq eh ghwhuplqhg e| wkh frqglwlrq wkdw wkhuh vkrxog
eh qr glvwruwlrqv iru wkh ehvw w|sh +￿ @4 ,/ l1h1 e| O￿ .N￿
￿ @ O￿8 .N￿
￿81 Lq rughu wr txdo0
li| dv d frpprq0djhqf| htxloleulxp/ wkh olqhdu vroxwlrqv pxvw lq dgglwlrq eh frpprqo|
lpsohphqwdeoh +vhh wkh dsshqgl{,1 Qhfhvvdu| dqg vx!flhqw frqglwlrqv iru frpprq lpsoh0
phqwdelolw| lq wklv frqwh{w duh pN￿
￿ ￿ dN￿
￿N￿























2 ￿ 4= +45,
Wkh htxloleulxp wd{ vfkhgxohv fdq qrz eh ghulyhg iurp +43,1 Iru wklv sxusrvh lw lv frq0
yhqlhqw wr zulwh N￿+￿, @ ￿ N￿ . N￿
￿ ￿ +4 ￿ ￿,/ zkhuh ￿ N￿ lv wkh ￿uvw0ehvw lqyhvwphqw iru wkh









. +t . d,
$
+ ￿ N￿ ￿ N￿, ￿ h￿= +46,
Wkh h{suhvvlrq lq wkh ￿uvw sduhqwkhvlv lv srvlwlyh/ lpso|lqj wkdw pdujlqdo wd{hv duh ghfuhdv0
lqj zlwk lqfuhdvlqj lqyhvwphqwv lq htxloleulxp1 Wkh h{suhvvlrq lq wkh ￿uvw sduhqwkhvlv lv
htxdo wr U￿￿







hlwkhu vlgh fdswxuhv wkh vwudwhjlf h￿hfw
_g￿
_g￿/ krogv lq htxloleulxp1 Wkh irupxod ixuwkhu
frq￿upv wkdw wkh pdujlqdo lqyhvwphqw wd{ lv qhjdwlyh dqg htxdo lq pdjqlwxgh wr wkh
pdujlqdo vslooryhu h￿hfw +iru wkh ehvw w|sh, zkhq N￿ @ ￿ N￿1 Pruhryhu/ iru orz lqyhvw0





￿ ￿h￿/ dqg wkh odvw h{suhvvlrq lv srvlwlyh dffruglqj wr +44,1
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Zh vroyh qrz iru wkh ixoo| v|pphwulf fdvh ri txdgudwlf2olqhdu ixqfwlrqv dqg d xqlirup
glvwulexwlrq= Lq dgglwlrq wr wkh dvvxpswlrqv deryh zh wkhq dvvxph v|pphwulf h{whuqdolw|
h￿hfwv +h￿ @ h2 @ h, dqg v|pphwulf rzqhu vkduhv= ￿￿ @ ￿21











￿8 ￿ ￿ . O￿8/ zkhuh % @ e
6 dqg T @
^
@ .4 1 Khuh % lv d phdvxuh ri
wkh uhodwlyh vwuhqjwk ri wkh vslooryhuv iurp wkh ￿up1 Zh vhh wkdw lqyhvwphqwv duh kljkhu/
wkh vwurqjhu duh wkhvh vslooryhuv1 Exw qrwh wkdw iru wkh ￿up ri w|sh ￿ @3wkhuh duh qr
vslooryhu h￿hfwv/ dqg iru wklv w|sh lqyhvwphqwv duh qrw d￿hfwhg1 Wkh ￿uvw0ehvw lqyhvwphqw
sur￿oh lv looxvwudwhg e| wkh khdy| olqh lq Iljxuh 41
47Wkh frrshudwlyh vroxwlrq dovr |lhogv lqyhvwphqw ohyhov wkdw duh v|pphwulf dqg olqhdu
lq ￿> vshfl￿fdoo| N￿￿+￿,@N￿





’n￿/ ￿ @ ￿nb32k￿
￿nb > dqg
O￿￿ lv vxfk wkdw wkhuh lv qr glvwruwlrq iurp wkh ￿uvw0ehvw doorfdwlrq iru wkh ehvw w|sh/ l1h1
O￿￿ @ ￿N￿
￿￿ . N￿
￿8 . O￿81 Zh nqrz iurp wkh suhylrxv vhfwlrq wkdw wklv vroxwlrq |lhogv
xqghulqyhvwphqw lq erwk frxqwulhv1 Wklv lv looxvwudwhg lq Iljxuh 4/ zkhuh wkh vrolg olqh
ghslfwv wkh v|pphwulf lqirupdwlrq htxloleulxp +I0vfkhgxoh,/ dqg wkh wklq olqh ghslfwv wkh
fdvh zlwk dv|pphwulf lqirupdwlrq dqg frooxglqj sulqflsdov +F0vfkhgxoh,1
Iru wkh qrq0frrshudwlyh fdvh +frpprq djhqf|,/ wkh olqhdu vroxwlrqv duh jlyhq e|
N￿+￿,@N￿
￿ ￿ ￿ . O￿>m@4 >5> zkhuh wkh +v|pphwulf, vorshv qrz fdq eh irxqg h{solf0








￿ +4 ￿ ￿,{
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dqg ￿￿ @4￿ k￿
￿nb1 Lq rughu wkdw wkh vroxwlrq eh frpprqo| lpsohphqwdeoh/ lw lv qhfhvvdu|
dqg vx!flhqw wkdw { @ @
6N￿
￿ vdwlv￿hv 3 ￿ 5{ ￿ 4 +vhh +45, deryh,1 Vwudljkwiruzdug dojheud













%1 Qrwh wkdw zkhq 5 e
6 $
^
@ +dqg wkxv % @ e
6 $ ￿





% $ 5d/ zklfk lpsolhv U￿￿+N￿, $￿ t @￿ ￿￿ ￿ ￿￿21 Lq wklv olplwlqj fdvh
+zkhq wkh vslooryhu jhwv wr eh vx!flhqwo| vwurqj, zh wkxv vhh wkdw wkh vwudwhjlf lqyhvwphqw
h￿hfwv lq htxloleulxp ehfrph htxdo wr ￿4 lq erwk frxqwulhv>
_g￿
_g￿ @ 3￿￿2
￿￿￿3-￿￿ $￿ 41 Qhlwkhu
frxqwu| zloo wkhq kdyh dq lqfhqwlyh wr glvwruw lqyhvwphqwv dzd| iurp wkh ￿uvw0ehvw1 Wkhuh
lv qrwklqj wr eh jdlqhg e| vxfk xqlodwhudo glvwruwlrqv/ ehfdxvh dq| lqgxfhg glvwruwlrq
gN￿ ri grphvwlf lqyhvwphqwv zloo eh phw e| wkh ￿up e| dq r￿vhwwlqj fkdqjh ri iruhljq
lqyhvwphqwv +gN￿ @ ￿gN￿,/ dqg wklv zloo ohdyh wkh ￿up*v uhqwv xqdowhuhg/ vhh +<,1 Dq|
grphvwlf wd{ prgl￿fdwlrq wkdw lqgxfhv glvwruwlrqv dzd| iurp wkh ￿uvw0ehvw zloo wkhuhiruh
rqo| uhgxfh doorfdwlyh h!flhqf| dqg qrw hqdeoh wkh frxqwu| wr fdswxuh dq| pruh ri wkh
￿up*v uhqwv1 Htxloleulxp lqyhvwphqwv zloo wkhuhiruh qrw eh glvwruwhg dzd| iurp wkh ￿uvw0
48ehvw lq wklv fdvh153 Wkh wd{ ixqfwlrqv wkdw lpsohphqw wkhvh lqyhvwphqwv duh lq wkh olplwlqj
fdvh jlyhq e| U￿+N￿,@t+ ￿ N￿ ￿N￿, ￿ hf/ zkhuh hf @
6^
2@ dqg ￿ N￿ @ 6
2@ . &
^n2@1
Ohw xv qrz frpsduh wkh ￿uvw0ehvw dqg wkh frpprq djhqf| lqyhvwphqw vfkhgxohv iru
vpdoohu vslooryhu h￿hfwv +5 e
6 ?
^
@,1 Wkhuh lv xqghulqyhvwphqw lq frpprq djhqf| +uhodwlyh
wr IE, li dqg rqo| li wkh frpprq djhqf|0vfkhgxoh lv vwhhshu wkdq wkh ￿uvw0ehvw vfkhgxoh/






’n￿1 Wklv lv htxlydohqw wr +T .4 , {A4.%1
Dojheudlf pdqlsxodwlrqv vkrz wkdw wklv frqglwlrq lv dovr htxlydohqw wr
^
@ A 5 e
61 Wkxv/ wkh
frpprq djhqf| htxloleulxp hqwdlov xqghulqyhvwphqw uhodwlyh wr wkh ￿uvw0ehvw1
Zh qh{w wxuq wr d frpsdulvrq ri wkh frpprq djhqf| dqg wkh frruglqdwhg vroxwlrqv1
Xvlqj wkh h{solflw vroxwlrqv ghulyhg deryh zh fdq vkrz +vhh wkh dsshqgl{,=
Sursrvlwlrq 6 Lq wkh v|pphwulf xqlirup0txdgudwlf fdvh/ erwk wd{ frpshwlwlrq +frpprq
djhqf|, dqg wd{ frruglqdwlrq +vlqjoh djhqf|, lqgxfh xqghulqyhvwphqw uhodwlyh wr ￿uvw0ehvw
lqyhvwphqwv1 Wkhuh lv orzhu lqyhvwphqw ￿ dqg khqfh orzhu sur￿wv iru wkh ￿up ￿ xqghu
frpshwlwlrq wkdq xqghu frruglqdwlrq/ li dqg rqo| li
^
@ .7 A ￿nb
k￿ + e
6 .5 ,1 Rwkhuzlvh/
h1j1 iru odujhu vslooryhuv/ d odujhu frvw ri sxeolf ixqgv dqg2ru d odujhu rxwvlgh rzqhu vkduh
+vpdoohu ￿￿,/ wkhuh lv kljkhu lqyhvwphqw xqghu wd{ frpshwlwlrq wkdq xqghu wd{ frruglqdwlrq1




@,/ wkh frpshwlwlyh htxloleulxp lqyhvwphqw
ohyhov ehfrph htxdo wr ￿uvw0ehvw lqyhvwphqwv1
Iru jlyhq whfkqrorj| zh vhh wkdw wkhuh lv xqghulqyhvwphqw ￿ dqg khqfh orzhu sur￿wv iru
wkh ￿up ￿ xqghu wd{ frpshwlwlrq wkdq xqghu wd{ frruglqdwlrq zkhq wkh grphvwlf rzqhu
vkduh +￿￿,l vk l j k 1 54 Wklv lv lq dffrugdqfh zlwk wkh glvfxvvlrq lq vhfwlrq 7/ vlqfh kljk
grphvwlf rzqhu vkduhv lpso| vwurqj htxlw| h{whuqdolwlhv/ dqg wklv whqgv wr |lhog orzhu
lqyhvwphqwv xqghu frpshwlwlrq wkdq xqghu frrruglqdwlrq1
Rwkhu wklqjv htxdo/ vpdoohu vslooryhuv +h, zloo dovr jhqhudwh xqghulqyhvwphqw lq wkh
frpshwlwlyh wd{ uhjlph +surylghg
^
@ A 5￿nb
k￿ ￿71, Orzhu vslooryhuv zloo uhgxfh lqyhvwphqwv
erwk xqghu frpshwlwlrq dqg xqghu frruglqdwlrq/ exw pruh vr lq wkh iruphu fdvh1 Wkh














k4 D 21I r u k￿ ’
￿
2 dqg b ’fwkh




6/ zklfk lv wkh frqglwlrq iru lpsohphqwdelolw|1 Wkxv/ iru
d ihdvleoh whfkqrorj| wkh frqglwlrq iru xqghulqyhvwphqw lq wkh sursrvlwlrq lv vdwlv￿hg li k￿ lv kljk dqg b
lv orz1
49uhdvrq iru wklv lv wkdw orzhu vslooryhuv uhgxfh wkh vwudwhjlf h￿hfw/55 dqg dv wklv h￿hfw
ehfrphv zhdnhu/ htxloleulxp lqyhvwphqwv duh uhgxfhg1




6.5,, wkhuh zloo eh ryhulqyhvwphqw xqghu wd{
frpshwlwlrq frpsduhg wr wd{ frrshudwlrq1 Odujhu vslooryhuv lqwhqvli| wkh frpshwlwlrq wr
dwwudfw ydoxdeoh lqyhvwphqwv/ dqg wklv ohdgv wr ryhulqyhvwphqwv uhodwlyh wr wkh frrshudwlyh
vroxwlrq156 Erwk uhjlphv |lhog lqyhvwphqwv ehorz wkh ￿uvw0ehvw ohyhov/ exw lq wkh olplw/ dv




@,/ wkh frpshwlwlyh htxloleulxp lqyhvwphqwv
ehfrph htxdo wr ￿uvw0ehvw lqyhvwphqwv1 Dv zh kdyh vhhq/ wkh odwwhu rffxuv ehfdxvh lq wkh
olplw wkh vwudwhjlf h￿hfw _g￿
_g￿ ehfrphv htxdo wr ￿4> dqg iru vxfk d vwurqj vwudwhjlf h￿hfw
wkhuh lv lq htxloleulxp qr lqfhqwlyh iru dq| frxqwu| wr glvwruw lqyhvwphqwv dzd| iurp wkh
￿uvw ehvw lq rughu wr fdswxuh uhqwv1
  	 # "
	 

Zh kdyh vhhq wkdw xqghu ixoo v|pphwu| erwk wkh frrshudwlyh dqg qrq0frrshudwlyh vroxwlrqv
jhqhudwh xqghulqyhvwphqw frpsduhg wr wkh ￿uvw0ehvw/ dowkrxjk wr gl￿huhqw h{whqwv1 Zh
frqvlghu qrz wkh fdvh ri dv|pphwulf vslooryhuv1 +Rwkhuzlvh wkh frxqwulhv duh dvvxphg wr
eh v|pphwulf1, Wr vlpsoli| wkh dqdo|vlv/ zh vkdoo dvvxph wkdw vslooryhuv duh qrq0h{lvwhqw
lq rqh frxqwu|/ khuh wdnhq wr eh frxqwu| 51 +Wklv idfw lv frpprq nqrzohgjh1, Vr zh
kdyh h￿ A 3/ h2 @3 1 Wkh ￿up frqwlqxhv wr kdyh sulydwh nqrzohgjh derxw wkh h{whqw ri
vslooryhuv lq wkh rwkhu frxqwu|1 Lq sduwlfxodu/ lw nqrzv zkhwkhu lw grhv lq idfw jhqhudwh dq|
vslooryhuv dw doo lq wkdw frxqwu|/ zklfk lv wkh fdvh li dqg rqo| li lw lv ri w|sh ￿A31+ I r u
w|sh ￿ @3wkhuh duh qr vslooryhuv lq hlwkhu frxqwu|/ vlqfh wkhq H￿+N￿>￿,@h￿￿N￿ @3 =,
Xvlqj %￿ @ e￿
6 dqg T @
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63@g3/ zkhuh wkh +frpprq,
vorsh g
￿ ghfuhdvhv dv e ghfuhdvhv1 D orzhu e wkxv uhgxfhv wkh +devroxwh ydoxh ri, wkh vwudwhjlf h￿hfw1
56Lw vkrxog eh qrwhg wkdw lw lv wkh frpshwlwlrq ryhu uhqwv wkdw ehfrphv lqwhqvl￿hg zkhq wkh vslooryhu
sdudphwhu e lqfuhdvhv1 Li vslooryhuv zhuh ri wkh irup .￿ ’ ewg￿ nsg￿/ wkhq yduldwlrqv lq wkh sdudphwhu s
zrxog qrw d￿hfw wkh lqwhqvlw| ri frpshwlwlrq/ dv phdvxuhg e| wkh vwudwhjlf h￿hfw1 Dq lqfuhdvh ri s zrxog
qrw d￿hfw wkh vwudwhjlf h￿hfw/ dqg zrxog wkxv ohdg wr dq htxdo lqfuhdvh ri lqyhvwphqwv xqghu frpshwlwlrq
dqg frrshudwlrq1
4:Zh vhh wkdw lqyhvwphqwv duh kljkhu lq wkh frxqwu| zkhuh vslooryhuv duh suhvhqw/ dqg orzhu
lq wkh rwkhu frxqwu|1 Iru d ￿up ri w|sh ￿ @3 / zklfk jhqhudwhv qr vslooryhuv lq hlwkhu
frxqwu|/ wkh lqyhvwphqwv duh htxdo dfurvv frxqwulhv1
Iru wkh qrq0frrshudwlyh fdvh +frpprq djhqf|,/ wkh olqhdu vroxwlrqv duh jlyhq e|
N￿+￿,@N￿
￿ ￿￿ .O￿>m@4 >5> zkhuh wkh vorshv vdwlvi| htxdwlrqv +44,1 Lq wkh dsshqgl{ zh
vkrz wkh iroorzlqj uhvxow1




’n￿￿ > wkh iroorzlqj krogv= Htxd0
wlrqv +44, |lhog xqltxh vroxwlrqv iru wkh vorshv N￿
￿>N￿
2 wkdw vdwlvi| wkh lpsohphqwdelolw|
frqglwlrqv +45,1 Dv h￿ $ %f




Iurp wklv ohppd zh fdq frqfoxgh wkdw iru d vslooryhu sdudphwhu h￿ vx!flhqwo| forvh wr
p%f
￿ +vr wkdw %￿ lv forvh wr %f




@ lq frxqwu| 4 dqg N￿
2 ￿ 3 lq frxqwu| 51 Zh zloo qrz frpsduh wkhvh
vorshv wr wkh vorshv ri wkh fruuhvsrqglqj ￿uvw0ehvw vfkhgxohv1
Wkh odwwhu vorshv duh/ iru %￿ @ %f

















T?T 2/ zklfk lpsolhv N￿
￿8 ? 6












’n￿ A 3= Wklv vkrzv wkdw iru %￿ forvh wr %f
￿ zh
kdyh N￿
￿ AN ￿8 dqg N￿
2 ?N ￿
281 Khqfh iru vslooryhuv vxfk wkdw h￿ lv forvh wr p%f
￿> lw lv wkh
fdvh wkdw wkh frpprq0djhqf| lqyhvwphqw vfkhgxohv duh vwhhshu lq frxqwu| 4 dqg  dwwhu
lq frxqwu| 5/ frpsduhg wr wkh ￿uvw0ehvw1 Iljxuh 5 looxvwudwhv wklv frq￿jxudwlrq1 Wkhvh
frqvlghudwlrqv suryh wkh iroorzlqj1
Sursrvlwlrq 7 Wkhuh duh fdvhv zkhuh wkh frpprq0djhqf| vroxwlrq hqwdlov ryhulqyhvwphqw
+uhodwlyh wr ￿uvw0ehvw, lq wkh frxqwu| zkhuh vslooryhuv duh nqrzq wr eh orz/ dqg xqghulqyhvw0
phqw lq wkh frxqwu| zkhuh vslooryhuv duh +iru hyhu| w|sh ri ￿up, nqrzq wr eh kljkhu1 Wklv
lv lq sduwlfxodu wuxh lq wkh xqlirup0txdgudwlf fdvh zkhq +l, wkh frxqwulhv duh v|pphwulf
h{fhsw iru vslooryhu h￿hfwv/ +ll, wkhuh duh qr vslooryhuv lq rqh frxqwu| +H2+N2>￿, ￿ 3,d q g
+lll, wkhuh duh srvlwlyh dqg vx!flhqwo| vwurqj +exw qrw wrr vwurqj, vslooryhuv lq wkh rwkhu
frxqwu| +H￿+N￿>￿, @ h￿￿N￿ zlwk h￿ forvh wr p%f
￿=,
Vrph lqwxlwlrq iru zk| dq htxloleulxp fdq kdyh wkhvh ihdwxuhv fdq eh ghyhorshg dv
iroorzv1 Frqvlghu frxqwu| 5/ dqg vxssrvh wkdw wd{dwlrq lq frxqwu| 4 kdv uhgxfhg lqyhvw0
phqwv wkhuh wr d ohyho ehorz wkh ￿uvw0ehvw ohyho +N￿ ?N ￿8,1 Vlqfh orzhu lqyhvwphqwv lq
frxqwu| 4 lqfuhdvh pdujlqdo sur￿wv lq frxqwu| 5/ lw lv wkhq dgydqwdjhrxv zlwk uhvshfw wr
4;surgxfwlrq h￿flhqf| iru wkh odwwhu frxqwu| wr lqfuhdvh lqyhvwphqwv eh|rqg wkh ￿uvw0ehvw
+ Y￿
Yg2+N￿>N 28>￿, A 3 zkhq N￿ ?N ￿8+￿,,1 Dw wkh vdph wlph wkh vrfldo frvwv ￿ lq whupv
ri lqfuhdvhg uhqwv dffuxlqj wr wkh ￿up ￿ dvvrfldwhg zlwk kljkhu grphvwlf lqyhvwphqwv duh
orz/ ehfdxvh wkh vwudwhjlf lqyhvwphqw h￿hfw lv vwurqj xqghu wkh jlyhq frqglwlrqv1 +Uhfdoo
wkdw wkh vwudwhjlf h￿hfw uhgxfhv wkh uhqwv dvvrfldwhg zlwk d jlyhq lqfuhdvh lq grphvwlf





2/ dqg wklv h{suhvvlrq lv odujh
+lq devroxwh ydoxh, xqghu wkh jlyhq frqglwlrqv ehfdxvh N￿
￿ dqg N￿
2 duh wkhq *odujh* dqg
*vpdoo*/ uhvshfwlyho|1 Ryhudoo/ lw lv wkhuhiruh dgydqwdjhrxv iru frxqwu| 5 wr lqfuhdvh grphv0
wlf lqyhvwphqwv eh|rqg wkh ￿uvw0ehvw ohyho1 Frqyhuvho|/ iru frxqwu| 4 wkh vwudwhjlf h￿hfw
+_g2
_g￿, lv vpdoo/ dqg lqfuhdvhg grphvwlf lqyhvwphqwv duh wkhq frvwo| gxh wr wkh frqvlghudeoh
uhqwv wkdw wkh| lqgxfh1 Wklv frxqwu| wkhuhiruh lpsrvhv wd{hv wkdw lqgxfh xqghulqyhvwphqw
grphvwlfdoo|1 Wr looxvwudwh wkhvh h￿hfwv ixuwkhu/ zh frqvlghu d vshfl￿f h{dpsoh1
H{dpsoh1 Vxssrvh t @ d @ p dqg e￿
6 @ ￿
e>h 2 @3 1 Wkhq +vlqfh T @5dqg %￿ @ ￿
e,









Vxssrvh ixuwkhu wkdw k￿
￿nb @ ￿
e/ vr wkdw ￿￿ @ ￿
e1 Wkhq zh fdq fkhfn +iurp wkh htxloleulxp









28/ zklfk whoov xv wkdw wkh
fruuhvsrqglqj htxloleulxp hqwdlov xqghulqyhvwphqw uhodwlyh wr wkh ￿uvw0ehvw lq frxqwu| 4/
dqg h{dfwo| ￿uvw0ehvw lqyhvwphqwv lq frxqwu| 51 +Zh kdyh khuh %f
￿ @ H
￿￿ A% ￿> d vwurqjhu
vslooryhu h￿hfw lq frxqwu| 4 zrxog kdyh jhqhudwhg ryhulqyhvwphqw lq frxqwu| 51,






￿ .5 ,+ ￿ N￿ ￿ N￿, ￿ h￿1 Khqfh zh kdyh U￿
￿+N￿, @ pe












61 Lq frxqwu| 5/ zkhuh
wkhuh duh qr vslooryhuv/ wkh pdujlqdo wd{ udwh lv qrq0qhjdwlyh/ ghfuhdvlqj dqg htxdo wr }hur
iru N2 @ ￿ N21 Lq frxqwu| 4 wkh pdujlqdo wd{ udwh lv dovr ghfuhdvlqj/ lw lv ixuwkhu srvlwlyh
iru *vpdoo* lqyhvwphqwv/ exw qhjdwlyh iru *odujh* rqhv1 Iru N￿ @ ￿ N￿ wkh pdujlqdo vxevlg|
lq frxqwu| 4 htxdov wkh pdujlqdo grphvwlf vslooryhu h￿hfw1











S1 Wkh odwwhu/ dsso|0
lqj wr frxqwu| 5/ lv pxfk vwurqjhu wkdq wkh iruphu/ dsso|lqj wr frxqwu| 41 Frxqwu| 4
kdv wkhuhiruh d pxfk vwurqjhu lqfhqwlyh wkdq frxqwu| 5 wr glvwruw lqyhvwphqwv wr fdswxuh
uhqwv1 +E| d pdujlqdo lqyhvwphqw glvwruwlrq/ frxqwu| 4 fdq fdswxuh uhqwv dprxqwlqj wr
4<p￿
￿gN￿g￿/ zkloh frxqwu| 5 e| d vlplodu grphvwlf rshudwlrq rqo| fdq fdswxuh p￿
SgN2g￿/
vhh +<,1, Li frxqwu| 5 lpsrvhg d oxps0vxp wd{/ wkhq wkh wd{ vfkhgxoh lq frxqwu| 4 zrxog
jhqhudwh xqghulqyhvwphqwv +uhodwlyh wr wkh ￿uvw0ehvw, lq wkdw frxqwu|/ dqg ￿ e| d vxevwlwx0
wlrq h￿hfw rq wkh sduw ri wkh ￿up ￿ ryhulqyhvwphqwv lq frxqwu| 51 Exw vlqfh wkhuh duh qr
vslooryhuv lq frxqwu| 5/ wkh ￿up*v lqyhvwphqwv wkhuh zrxog eh frqglwlrqdoo| h!flhqw/ jlyhq
lwv lqyhvwphqwv lq wkh rwkhu frxqwu|1 Wkh jryhuqphqw ri frxqwu| 5 kdv d uhodwlyho| zhdn
lqfhqwlyh wr glvwruw wkhvh lqyhvwphqwv wr fdswxuh uhqwv1 Wkh vpdoo glvwruwlrq/ dfklhyhg
e| lpsrvlqj srvlwlyh/ exw uhodwlyho| vpdoo pdujlqdo wd{hv/ uhgxfhv lqyhvwphqwv lq frxq0
wu| 5 vrphzkdw/ dqg ￿ iru wkh jlyhq sdudphwhuv ￿ wr d ohyho wkdw frlqflghv zlwk zkdw
lv xqfrqglwlrqdoo| ￿uvw0ehvw lq wkdw frxqwu|1 Frqyhuvho|/ jlyhq frxqwu| 5*v wd{ vfkhgxoh/
frxqwu| 4 kdv d uhodwlyho| vwurqj lqfhqwlyh wr glvwruw grphvwlf lqyhvwphqwv +iurp zkdw
zrxog eh frqglwlrqdoo| h!flhqw wkhuh,/ dqg wklv ohdgv wr lqyhvwphqwv wkdw duh orzhu wkdq
wkh xqfrqglwlrqdoo| ￿uvw0ehvw ohyhov lq frxqwu| 41
Wkh h{dpsoh frqvlghuhg d fdvh ri d *prghudwho| vwurqj* vslooryhu lq frxqwu| 41 Dv wkh
vslooryhu lq wkdw frxqwu| ehfrphv vwurqjhu/ wkh whqghqf| iru htxloleulxp ryhulqyhvwphqwv
wr rffxu lq frxqwu| 5 dovr jhwv vwurqjhu1 Lq wkh olplw/ dv %￿ ￿$ %f
￿/ wkh vwudwhjlf h￿hfw iru
frxqwu| 5 +_g￿
_g2, dssurdfkhv ￿4/ zkloh wkdw iru frxqwu| 4 dssurdfkhv d olplw zlwk devroxwh
ydoxh vwulfwo| ohvv wkdq rqh1 +Wkdw olplw fdq/ iurp wkh htxloleulxp frqglwlrqv +44,/ eh vhhq
wr eh ￿
￿n￿￿
’n￿￿1, Lq wkh olplw frxqwu| 5 kdv wkhuhiruh qr lqfhqwlyh wr xqlodwhudoo| glvwruw
grphvwlf lqyhvwphqwv iurp zkdw lv frqglwlrqdoo| h￿flhqw/ jlyhq wkh ￿up*v lqyhvwphqwv lq
wkh rwkhu frxqwu|1 Vlqfh wkhuh duh qr vslooryhuv lq frxqwu| 5/ d }hur pdujlqdo wd{ udwh zloo
hqvxuh vxfk lqyhvwphqwv grphvwlfdoo|157 Frxqwu| 4 rq wkh rwkhu kdqg/ grhv kdyh dq lqfhq0
wlyh wr glvwruw lqyhvwphqwv lq rughu wr fdswxuh uhqwv/ dqg khqfh zh jhw xqghulqyhvwphqwv
lq wkdw frxqwu|1 Iurp +46, dqg Ohppd 4 zh vhh wkdw frxqwu| 4*v htxloleulxp wd{ vfkhgxoh
lq wkh olplw lv jlyhq e| U￿
￿+N￿, @ t+ ￿ N￿ ￿N￿, ￿ p%f
￿1
Zh vkrxog ￿qdoo| qrwh wkdw wkh frrshudwlyh vroxwlrq/ gxh wr wkh devhqfh ri vwudwhjlf
h￿hfwv/ lqgxfhv xqghulqyhvwphqwv lq erwk frxqwulhv1 Lw lv vwudljkwiruzdug wr yhuli| wkdw wkh
frrshudwlyh lqyhvwphqw vfkhgxohv lq erwk frxqwulhv duh vwhhshu wkdq wkh ￿uvw0ehvw rqhv/
dqg khqfh wkdw wkhuh lv xqghulqyhvwphqw lq erwk frxqwulhv li wkh| dfw frrshudwlyho|1
57Iurp +46, dqg +44,1 zh ￿qg wkdw lq wkh olplw +dv 0￿ < 0
f





￿n￿41 Wkh pdujlqdo wd{ udwh lv qhyhuwkhohvv h￿hfwlyho| }hur/ vlqfh wkh irupxod +46, dssolhv rqo| rq d
ydqlvklqjo| vpdoo lqwhuydo> 7 g2 3 g2 < f1
53$ % &

Lq rxu prgho/ frpshwlwlrq dprqj wkh frxqwulhv wr dwwudfw srwhqwldoo| ydoxdeoh lqyhvwphqwv
wkxv uhvxowv lq h{fhvvlyh dprxqw ri lqyhvwphqwv ehlqj pdgh lq rqh frxqwu|/ dqg lqvx!0
flhqw dprxqwv ehlqj pdgh lq wkh rwkhu1 Wklv uhvxow lv lq frqwudvw zlwk wd{ frpshwlwlrq
prghov zlwk v|pphwulf lqirupdwlrq/ lq zklfk wkh frpshwlwlrq iru dwwudfwlqj uhdo lqyhvw0
phqwv lqyduldeo| fdxvhv vrxufh wd{hv wr idoo dqg lqyhvwphqwv wr ulvh/ vhh/ h1j1 ]rgurz dqg
Plhv}nrzvnl +4<;9,1
Wkh irfxv ri wkh suhvhqw prgho lv rq sulydwh lqirupdwlrq derxw vslooryhu h￿hfwv dqg
surgxfwlylw|/ l1h1 zh gr qrw vshfl￿fdoo| dgguhvv wkh lvvxhv ri lqwud0￿up wudgh dqg wudqvihu
sulflqj1 Iru dq dqdo|vlv ri wudqvihu sulflqj uhjxodwlrq vhh/ h1j1 Erqg dqg Juhvln +4<<9,158
Lq wkdw duwlfoh wkh frpshwlqj jryhuqphqwv frqwuro frpsohphqwdu| dfwlylwlhv/ zkhuhdv lq
rxu prgho wkh uhohydqw dfwlylwlhv duh vxevwlwxwhv1 Rxu hfrqrplf irfxv lv gl￿huhqw/ dqg
e| dgguhvvlqj wkh lvvxhv ri vslooryhu h￿hfwv dqg h{whuqdolwlhv/ rxu dqdo|wlfdo shuvshfwlyh
lv gl￿huhqw1 Zh dovr jhw gl￿huhqw txdolwdwlyh uhvxowv1 Erqg dqg Juhvln ￿qg wkdw xqghu
dv|pphwulf lqirupdwlrq wkh ￿up*v dfwlylw| ohyho dqg lqirupdwlrq uhqwv dozd|v duh orzhu
zkhq wkh sulqflsdov frpshwh wkdq zkhq wkh| frrshudwh/ dqg wkdw wkh dfwlylw| ohyho dozd|v
lv kljkhvw lq wkh ￿uvw0ehvw fdvh1 Zh ￿qg wkdw wkh dfwlylw| ohyho +lqyhvwphqwv, dqg uhqwv
xqghu frpshwlwlrq pd| eh hlwkhu kljkhu ru orzhu wkdq xqghu frrshudwlrq1 Zh dovr vkrz
wkdw wkh dfwlylw| ohyho xqghu frpprq djhqf| pd| hyhq h{fhhg wkh ￿uvw0ehvw ohyho lq rqh
frxqwu|1
Rxu prgho lv lq vrph uhvshfwv dq h{whqvlrq ri Rvpxqgvhq/ Kdjhq dqg Vfkmhoghuxs
+4<<;,> d sduwldo prgho zkhuh d vlqjoh sulqflsdo uhjxodwhv d frqwlqxxp ri preloh ￿upv wkdw
kdyh sulydwh lqirupdwlrq derxw wkhlu prelolw| frvwv1 Wkdw dqdo|vlv suhvxphv d sdvvlyh
iruhljq jryhuqphqw/ zklfk pd| eh xquhdolvwlf vlqfh lw lpsolhv d wudqvihu ri wd{ uhyhqxh
iurp wkh iruhljq frxqwu| wr wkh krph frxqwu|1 Zh h{whqg wkh prgho wr wdnh lqwr dffrxqw
vwudwhjlf lqwhudfwlrq ehwzhhq wkh jryhuqphqwv/ dqg e| dffrxqwlqj iru h{whuqdolwlhv1
Rxu prgho lv dovr uhodwhg wr Odxvvho dqg Oheuhwrq +4<<8,/ zkr dqdo|vh wd{dwlrq ri d
odujh lqyhvwru zklfk srvvhvvhv dq h{rjhqrxv dprxqw ri fdslwdo wkdw lw pd| doorfdwh lq wzr
orfdwlrqv159 Zh h{whqg wklv dqdo|vlv e| doorzlqj iru vslooryhu h￿hfwv dqg qdwlrqdo rzqhu0
58D krph dqg d krvw frxqwu| xvh wudgh wd{hv wr uhjxodwh dq PQH zklfk kdv sulydwh lqirupdwlrq derxw
wkh frvw ri dq lqwhuphgldwh jrrg wkdw lv vrog iurp wkh sduhqw wr d vxevlgldu| lq wkh krvw frxqwu|1
59D vlplodu vhwxs lv irxqg lq Kddsdudqwd +4<<9,/ exw xqghu shuihfw lqirupdwlrq1 Kddsdudqwd dqdo|vhv d
vxevlg| jdph zkhuh wzr jryhuqphqwv/ pd{lplvlqj wkh qhw zdjh lqfrph/ frpshwh wr dwwudfw lqyhvwphqwv
54vkls/ zklfk d￿hfwv wkh txdolwdwlyh uhvxowv e| lqwurgxflqj htxlw| h{whuqdolwlhv1 Pruhryhu/ lq
rxu prgho wkh ohyho ri fdslwdo lv hqgrjhqrxv/ dqg zkhuhdv wkh ￿up kdv sulydwh lqirupdwlrq
derxw wkh dprxqw ri fdslwdo lw srvvhvvhv lq Odxvvho dqg Oheuhwrq/ zh irfxv rq sulydwh
lqirupdwlrq derxw vslooryhu h￿hfwv dqg h!flhqf|15:
D gl￿huhqw/ |hw uhodwhg pxowlsulqflsdo uhjxodwru| sureohp lv dqdo|vhg e| Ph}}hwwl
+4<<:,/ zkr frqvlghuv d fdvh zkhuh dq djhqw kdv sulydwh lqirupdwlrq derxw klv uhodwlyh
surgxfwlylw| lq wkh wdvnv kh shuirupv iru wzr sulqflsdov1 Lq frqwudvw/ rxu irfxv lv rq
sulydwh lqirupdwlrq derxw wkh devroxwh h!flhqf| ohyho1 Dovr/ zh lqwurgxfh vslooryhu h￿hfwv1
Dqrwkhu gl￿huhqfh lv wkdw zh dgguhvv d fdvh ri vxevwlwxwhv/ zkhuhdv lq Ph}}hwwl*v prgho
wkhuh lv frpsohphqwdulw| ehwzhhq wkh wkh djhqw*v wdvnv1 Wkh uhvxowv dovr gl￿hu lq lpsruwdqw
zd|v1 Zkhuhdv Ph}}hwwl ￿qgv wkdw wkh djhqw*v lqirupdwlrq uhqw lv dozd|v kljkhu xqghu wd{
frpshwlwlrq wkdq xqghu frrshudwlrq/ zh ￿qg wkdw wkh uhqw pd| eh orzhu lq frph fdvhv1
Pruhryhu/ Ph}}hwwl*v prgho h{klelwv frxqwhuydlolqj lqfhqwlyhv> wklv lv qrw wkh fdvh lq rxu
prgho15;
Wkh suhvhqw sdshu h{whqgv Rovhq dqg Rvpxqgvhq +4<<<d, e| lqwurgxflqj h{whuqdolwlhv1
Zkhuhdv wkh odwwhu sdshu irfxvhv rq wkh h￿hfwv ri wkh qdwlrqdo glvwulexwlrq ri rzqhuvkls lq
wkh ￿up/ wkh suhvhqw sdshu dguhvvhv wkh lpsdfwv ri +srvvleo| dv|pphwulf, vslooryhu h￿hfwv
rq wd{ htxloleuld dqg wkh wkh ￿up*v uhdo lqyhvwphqw sruwirolr1
'   	    
  
Zlwk hqkdqfhg lqwhuqdwlrqdo prelolw| ri wkh frusrudwh wd{ edvh/ wd{ frpshwlwlrq lv uhlq0
irufhg dqg qdwlrqdo jryhuqphqwv h{shulhqfh pruh sureohpv lq udlvlqj uhyhqxh1 Iruhljq
gluhfw lqyhvwphqwv kdyh ehhq udslgo| lqfuhdvlqj/5< dqg uhfhqw hpslulfdo uhvhdufk vkrz
ri d vlqjoh ￿up1
5:Rxu prgho lv dovr vrphzkdw uhodwhg wr Eljodlvhu dqg Ph}}hwwl +4<<6,/ lq zklfk wzr sulqflsdov frpshwhv
iru wkh h{foxvlyh vhuylfhv ri dq djhqw wkdw kdv sulydwh lqirupdwlrq derxw klv ru khu h￿ruw dqg surgxfwly0
lw|1 Zkhuhdv zh irfxv rq d pxowlqdwlrqdo hqwhusulvh wkdw glylghv lwv dfwlylwlhv ehwzhhq vhyhudo frxqwulhv/
Eljodlvhu dqg Ph}}hwwl dqdo|vh d fdvh zkhuh d zrunhu pxvw zrun ixoo wlph iru d vlqjoh frpsdq|1
5;Lq Rovhq dqg Rvpxqgvhq +4<<<e, zh h{whqg wkh suhvhqw prgho +lq devhqfh ri vslooryhu h￿hfwv, wr
lqfoxgh dq rxwvlgh rswlrq/ dqg wklv rswlrq lv dovr vhhq wr jhqhudwh frxqwhuydlolqj lqfhqwlyhv> l1h1 lqfhqwlyh
frqvwudlqwv elqg *xszdugv* dv zhoo dv *grzqzdugv* rq wkh w|sh lqwhuydo1 Wkh gl￿huhqw lqirupdwlrq vwuxfwxuhv
lq wkh wzr prghov kdyh txlwh gl￿huhqw lpsolfdwlrqv/ wkrxjk> zkhuhdv Ph}}hwwl rewdlqv htxloleuld wkdw duh
xqltxh dqg h{klelw srrolqj iru d udqjh ri lqwhuphgldwh w|shv/ zh rewdlq qrq0xqltxh dqg ixoo| vhsdudwlqj
htxloleuld1
5<Vhh Pdunxvhq +4<<8,1
55wkdw h￿hfwlyh wd{ udwhv duh lpsruwdqw idfwruv iru ghwhuplqlqj wkh orfdolvdwlrq ghflvlrqv ri
pxowlqdwlrqdo hqwhusulvhv +PQHv,163 Zh kdyh frqvlghuhg d vlwxdwlrq zkhuh wzr mxulvglf0
wlrqv frpshwh wr dwwudfw vkduhv ri wkh U)G lqyhvwphqw exgjhw ri d odujh pxowlqdwlrqdo
hqwhusulvh/ zkrvh lqyhvwphqwv srwhqwldoo| frqihu srvlwlyh vslooryhuv rq qdwlrqdo ￿upv1 Wkh
frpshwlwlrq dprqj wkh frxqwulhv wr wd{ wkh ￿up*v uhqwv lv prghoohg dv frpprq djhqf|1
Dq dgydqwdjh ri wkh frpprq djhqf| dssurdfk lv wkdw lw hqdeohv wkh wd{ v|vwhpv wr eh
hqgrjhqrxvo| ghwhuplqhg/ edvhg rq lqirupdwlrqdo frqvlghudwlrqv1 +Lq frqwudvw/ wkh wd{
frpshwlwlrq olwhudwxuh w|slfdoo| lpsrvhv h{rjhqrxv frqvwudlqwv rq wkh dydlodeoh wd{ lqvwux0
phqwv1, Wkh ￿up frqwulexwhv wr orfdo zhoiduh e| wkhvh vslooryhuv +vkrxog wkh| pdwhuldolvh,/
e| wd{ sd|phqwv dqg e| glylghqgv sdlg wr orfdo lqyhvwruv1 Wkh ￿up kdv sulydwh lqirupd0
wlrq erwk derxw lwv h!flhqf| dqg derxw vslooryhuv/ dqg lq sduwlfxodu zkhwkhu wkh odwwhu
gr h{lvw ru qrw1 Lw lv vkrzq wkdw vwudwhjlf wd{ frpshwlwlrq pd| ohdg wr ryhulqyhvwphqw
uhodwlyh wr wkh ￿uvw0ehvw doorfdwlrq lq rqh ri wkh frxqwulhv/ dqg wkdw wklv rffxuv lq wkh
frxqwu| wkdw kdv +iru hyhu| w|sh ri ￿up, wkh orzhvw vslooryhuv1
Wkh wd{ olwhudwxuh qrupdoo| dvvxphv wkdw dq| rqh ￿up lv wrr vpdoo wr d￿hfw wd{ srolf|
lq d mxulvglfwlrq1 Zh dvvxph wkdw wkh PQH lv d odujh dqg xqltxh ￿up zlwk d kljk ohyho
ri U)G/ ru wkdw wkh mxulvglfwlrqv duh vpdoo/ vr wkdw wkh srwhqwldo wd{ uhyhqxhv dqg wkh
srvvleoh nqrzohgjh vslooryhuv iurp wkh ￿up duh qrq0qhjoljleoh uhodwlyh wr wkh frusrudwh wd{
edvhv dqg wkh nqrzohgjh edvhv ri wkh wzr mxulvglfwlrqv1 Dq dowhuqdwlyh lqwhusuhwdwlrq lv
wkdw wkh wd{ vxemhfw lq wkh prgho lv d preloh lqgxvwu|1
Zh dvvxphg wkdw wkh ￿up kdv sulydwh lqirupdwlrq derxw lwv h!flhqf|/ zkhuhdv lwv
lqyhvwphqw ohyhov kdyh ehhq dvvxphg wr eh vxemhfw wr v|pphwulf lqirupdwlrq1 Sur￿wv
pd| wr d odujh h{whqw pd| eh revhuydeoh iru sxuho| grphvwlf ￿upv/ dqg eh fdswxuhg
e| d wudglwlrqdo frusrudwh lqfrph wd{1 Iru pxowlqdwlrqdo ￿upv/ wudqvihu sulflqj pd|
pdnh dq| dwwhpsw wr phdvxuh sur￿wv gl!fxow/ vr wkdw frxqwulhv duh duh irufhg wr hvwlpdwh
sur￿wv edvhg rq zkdw lv revhuydeoh1 Rxu dvxpswlrq lv wkdw lqyhvwphqwv duh wkh nh| vxfk
revhuydeoh yduldeoh/ dqg wkh wd{ vfkhphv ghulyhg duh pdgh frqwlqjhqw rq wkh qdwlrqdo
lqyhvwphqw ohyhov164
63Vhh/ h1j1/ Ghyhuhx{ dqg Iuhhpdq +4<<8,1
64Sulydwho| revhuyhg lqyhvwphqwv wkdw duh xqghuwdnhq diwhu wkh wd{ v|vwhp lv lq sodfh +prudo kd}dug,
fdq eh dffrprgdwhg lq wkh prgho> wkh sur￿w ixqfwlrq fdq eh lqwhusuhwhg dv dq lqgluhfw ixqfwlrq zkhuh
vxfk lqyhvwphqwv duh fkrvhq rswlpdoo|/ frqglwlrqdo rq wkh revhuydeoh g￿*v1 Sulydwho| revhuyhg lqyhvwphqwv
lq sodfh h{ dqwh zrxog/ krzhyhu/ eh d sduw ri wkh ￿up*v sulydwh lqirupdwlrq1 Wkh prgho uhsuhvhqwv d fdvh
zkhuh wkh djjuhjdwh h￿hfw ri vyhudo vxfk yduldeohv fdq eh fdswxuhg e| d rqh0glphqvlrqdo sdudphwhu1
56Zh dvvxph wkdw wkh PQH*v h!flhqf| ohyhov duh shuihfwo| fruuhodwhg lq wkh wzr frxq0
wulhv ri rshudwlrq1 Xqfruuhodwhg h!flhqf| sdudphwhuv pd| eh uhohydqw li ￿upv lqyhvw lq
gl￿huhqw frxqwulhv wr glyhuvli| sruwirolrv1 Dv|pphwulf lqirupdwlrq derxw lqyhvwphqw ohy0
hov/ ru xqfruuhodwhg lqirupdwlrq sdudphwhuv/ pd| uhsuhvhqw lqwhuhvwlqj h{whqvlrqv ri wkh
suhvhqw prgho1 Krzhyhu/ hdfk ri wkhvh h{whqvlrqv zrxog lpso| d pxowlglphqvlrqdo vfuhhq0
lqj sureohp +l1h1 d fkdoohqjh iru wkh jryhuqphqw wr uhyhdo d yhfwru ri sdudphwhuv vxemhfw
wr sulydwh lqirupdwlrq,/ zklfk lv qrw |hw ixoo| vroyhg/ qrw hyhq lq d vlqjoh0sulqflsdo vhwwlqj>
vhh Urfkhw dqg Fkrqh +4<<;,1
57"#
U)G lqyhvwphqwv dv vxevwlwxwhv1
Vxssrvh wkh lqyhvwphqw yduldeohv N￿ uhsuhvhqw lqyhvwphqwv lq surgxfw ru surfhvv lqqr0
ydwlrqv/ dqg wkdw rqo| wkh ehvw ri wkhvh lqqrydwlrqv zloo eh xvhg e| wkh ￿up1 Dvvxph wkdw
lqyhvwphqwv duh ulvn|/ dqg ohw wkh vwdqg0dorqh jurvv ydoxh ri dq lqqrydwlrq e| d!oldwh l eh
jlyhq e| ￿￿N￿.%￿/ zkhuh %￿ lv d }hur0phdq udqgrp yduldeoh wkdw fdswxuhv wkh ulvn/ dqg ￿￿
lv d frqvwdqw +exw pd| ghshqg rq ￿,1 Lqyhvwphqwv duh wkxv phdvxuhg vr wkdw wkh h{shfwhg
vwdqg0dorqh ydoxh lv sursruwlrqdo wr wkh lqyhvwphqw pdgh1 Wkh jurvv ydoxh +ehiruh frvwv,
lv wkhq
￿+N￿>N 2, @ H pd{id￿N￿.%￿>d 2N2.%2j @ d￿N￿.H pd{i%￿￿%2>d 2N2￿d￿N￿j
Wklv fdq eh zulwwhq dv
￿+N￿>N 2, @ d￿N￿ .!+d2N2 ￿ d￿N￿,
zkhuh
!+{, @ H pd{i%>{j @￿ % ￿
U 7 0
% I+%,g%
dqg % @ %￿ ￿ %2/ I+%, lv wkh FGI iru wklv gl￿huhqfh/ dqg ￿ % lv wkh xsshu erxqg iru lwv
uhdol}dwlrqv1 Qrwh wkdw !￿+{, @ I+{,/ dqg khqfh wkdw lqyhvwphqwv duh vxevwlwxwhv zlwk
uhvshfw wr jurvv ydoxh> Y2K
Yg2Yg￿ ? 31 Wkh| duh wkhq dovr vxevwlwxwhv zlwk uhvshfw wr sur￿wv
￿@￿￿F dv orqj dv lqyhvwphqw frvwv vdwlvi| Y2￿
Yg2Yg￿ ￿ 31 H!flhqf| ￿ pd| hqwhu yld wkh
sdudphwhuv d￿ ru yld wkh glvwulexwlrq I+,1




dqg khqfh wkdw wkh jurvv ydoxh lv txdgudwlf dovr1 Wkh txdgudwlf vshfl￿fdwlrq lq Vhfwlrq 8
fdq wkxv uhsuhvhqw vxfk d fdvh1
Ghulydwlrq ri qrq0frrshudwlyh htxloleulxp frqglwlrqv1
Frqvlghu wkh rswlplvdwlrq sureohp iru frxqwu| 41 Lqwhjudwlqj e| sduwv/ dqg xvlqj +8,/





















￿+4 . ￿ ￿ ￿￿,
C2￿+N￿>N 2=￿,
C￿CN￿





￿+4 . ￿ ￿ ￿￿,
C2￿+N￿>N 2=￿,
C￿CN2













zkhuh ￿+￿, lv d pxowlsolhu fruuhvsrqglqj wr wkh frqvwudlqw +:,1 Gl￿huhqwldwlqj Ht1+:, zlwk


























> dqg e| lqvhuwlqj iru
￿+￿, lq +48, zh rewdlq wkh frqglwlrq +;, +zlwk m @4dqg l @5 , wkdw fkdudfwhulvhv wkh
htxloleulxp frqwudfw iru frxqwu| 41
Lw vkrxog dovr eh fkhfnhg wkdw wkh vroxwlrq lv frpprqo| lpsohphqwdeoh1 Jlyhq wkh
dvvrfldwhg wd{ ixqfwlrqv/ lw pxvw lqghhg eh rswlpdo iru wkh djhqw wr uhsruw wuxwkixoo| wr
erwk sulqflsdov +l1h1 ￿+￿>￿, ￿ ￿+a ￿￿>￿, iru doo ihdvleoh uhsruwv a ￿￿ lq sulqflsdo 4*v sure0
ohp/ dqg vlploduo| iru sulqflsdo 5,/ dqg pdnh wkh wdujhwhg lqyhvwphqwv N￿+￿,>N 2+￿,1W k h
odwwhu uhtxluhphqw lv ixo￿oohg li ￿+N￿>N 2>￿, ￿ ￿￿U￿+N￿, lv frqfdyh165 Orfdo frqfdylw|











￿,/ dqg wkh qhfhvvdu| orfdo frqfdylw| frqgl0























￿ 3= Wkhvh frqglwlrqv duh dovr vx!0
flhqw lq wkh fdvh ri txdgudwlf ixqfwlrqv dqg frqwudfw vxevwlwxwhv/ surylghg erwk lqyhvwphqw
vfkhgxohv duh qrqghfuhdvlqj +fi1 Vwroh +4<<5,/ Wkp1 44/ s1 55,1Iru wkh sdudphwulvdwlrqv
jlyhq lq Vhfwlrq 8/ zkhuh Y2￿
YwYg￿ @ p dqg Y2￿










































Surri ri irupxod +46,1
Iurp N￿+￿,@ ￿ N￿ ￿N￿










￿ .+ t . d,+ ￿ N￿ ￿ N￿,.d ￿ N￿ ￿h￿ ￿d
￿












￿ .+ t . d,
￿
+ ￿ N￿ ￿ N￿, ￿ h￿
Wkh ￿uvw htxdolw| iroorzv iurp +43, dqg wkh h{suhvvlrq iru Y￿
Yg￿/ wkh vhfrqg e| lqvhuwlqj
iru ￿￿+N￿, dqg iru N￿+￿,/ dqg e| wdnlqj dffrxqw ri wkh idfw wkdw wkh ￿uvw0ehvw lqyhvwphqwv
￿ N￿> ￿ N￿ vdwlvi| Y￿
Yg￿+ ￿ N￿> ￿ N￿>￿ ￿, @ h￿ . p . n ￿ +t . d, ￿ N￿ ￿ d ￿ N￿ @3 1 Wklv suryhv wkh
irupxod1 Qrwh wkdw wkh h{suhvvlrq lq wkh ￿uvw sduhqwkhvlv lq wkh odvw olqh kdv wkh vdph vljq
dv ￿+p￿dN￿
￿ ￿+t .d,N￿
￿,/ dqg wkdw wklv lv srvlwlyh dffruglqj wr +44,1 Khqfh zh vhh wkdw
U￿￿
￿ ? 31
Surri ri Sursrvlwlrq 61
Frpsdulqj wkh vorshv ri wkh lqyhvwphqw vfkhgxohv iru wkh frrshudwlyh dqg wkh qrq0











￿% . T .5+￿￿ ￿ ￿, ￿
s
%2 ￿ 5T% .7 %￿￿ .7 ￿￿ . T2 .7 ￿2
￿
5+T .4 ,{
zkhuh ￿ @4 ￿ 2k￿
￿nb dqg ￿￿ @4 ￿ k￿
￿nb/v r￿￿￿￿ @ k￿
￿nb1 Wkhuh lv xqghulqyhvwphqw lq frpprq
djhqf| uhodwlyh wr wkh frrshudwlyh fdvh l￿ N￿
￿ AN ￿
￿￿/ l1h1 l￿ ￿% . T .5+￿￿ ￿ ￿, A 3
dqg +￿% . T .5+￿￿ ￿ ￿,,
2 A
￿
%2 ￿ 5T% .7 %￿￿ .7 ￿￿ . T2 .7 ￿2
￿
￿
1 Wkh odwwhu lqhtxdolw|
phdqv ￿%+5￿￿ ￿ ￿, . T+￿￿ ￿ ￿, . ￿ +￿ ￿ 5￿￿, ￿ ￿￿ A 31 Qrwlqj wkdw 5￿￿ ￿ ￿ @4 /w k h






6 .5 ,= THG
Surri ri Ohppd1
Gh￿qh ￿qrupdol}hg￿ vorsh sdudphwhuv {￿ @ @
6N￿
￿1 Lq whupv ri wkhvh sdudphwhuv/ htxd0
wlrqv +44, wdnh wkh irup












5:Iurp wkh vhfrqg ri wkhvh htxdwlrqv lw iroorzv wkdw {￿ @
￿3’%2n￿￿
￿3%2n￿￿ +4 ￿ {2, +surylghg
4￿{2 .￿￿ 9@3 ,1 Vxevwlwxwlqj wklv lqwr wkh ￿uvw/ zh ￿qg wkdw {2 lv d urrw ri d wklug0rughu
htxdwlrq D{￿
2 . E{2
2 . F{2 . G ￿ S+{2,@3 / zkhuh
D @ T￿ ￿ T> E @ ￿5T2￿￿ ￿ T2 . %￿T .6 T ￿ 5T￿ .5T￿￿
F @6 T2￿￿ ￿ 6T￿￿ . T￿ ￿ 6T ￿ 5%￿T ￿ %￿￿￿ .5 T2 ￿ %￿￿￿T
G @+ ￿￿ .4 ,
￿
%￿￿￿ . T ￿ T2 . %￿T
￿
Zh orrn iru d vroxwlrq sdlu wkdw vdwlv￿hv wkh lpsohphqwdelolw| frqglwlrqv 3 ￿ {￿ ￿ 4 dqg
{￿ . {2 ￿ 41 Wkh sro|qrpldo vdwlv￿hv S+3, @ G dqg S+4, @ %￿￿2
￿ A 31L wk d vdu r r wl q
^3>4, l￿ G ￿ 3/ dqg wkhuh lv wkhq rqo| rqh urrw lq wklv lqwhuydo1 Wkh urrw lv srvlwlyh zkhq
G?31 Qrwh wkdw G ￿ 3 iru %￿ ￿ T
’3￿
￿￿n’ @ %f
￿1I r u3 ?% ￿ ￿ %f
￿ wkhuh lv wkxv d xqltxh
urrw vdwlvi|lqj 3 ￿ {2 ? 4/d q gw k hu r r wl v{2 @3l￿ %￿ @ %f
￿1
Lw iroorzv wkdw {￿ @
￿3’%2n￿￿
￿3%2n￿￿ +4 ￿ {2, vdwlv￿hv 3 ?{ ￿ ￿ 4/ zlwk {￿ @4l￿ {2 @3 1
Qrwh dovr wkdw wkh irupxod iru {￿ |lhogv {￿ . {2 ￿ 4@
E￿3’￿%2
￿3%2n￿￿+4 ￿ {2,1 Wkxv zh kdyh
{￿ . {2 ￿ 4 zlwk htxdolw| l￿ {2 @3 1/ l1h1 l￿ %￿ @ %f
￿1 Wkhvh uhvxowv suryh wkh ohppd1
$
Eljodlvhu/ J1/ dqg F1 Ph}}hwwl/ 4<<6/ Sulqflsdov Frpshwlqj iru dq Djhqw lq wkh
Suhvhqfh ri Dgyhuvh Vhohfwlrq dqg Prudo Kd}dug/
Mrxuqdo ri Hfrqrplf Wkhru| 94/ 63506631
Erqg/ H1Z1/ dqg W1D1 Juhvln/ 4<<9/ Uhjxodwlrq ri Pxowlqdwlrqdo Ilupv zlwk
Wzr Dfwlyh Jryhuqphqwv= D Frpprq Djhqf| Dssurdfk/
Mrxuqdo ri Sxeolf Hfrqrplfv 8</ 660861
Fdo}rodul/ J1/ 4<<;/ Uhjxodwlrq lq dq Lqwhuqdwlrqdo Vhwwlqj/ wkh Fdvh ri d
Pxowlqdwlrqdo Hqwhusulvh/ plphr/ JUHPDT/
Xqlyhuvlw￿ ghv Vflhqfhv Vrfldohv gh Wrxorxvh1
Ghyhuhx{/ P1S1/ dqg K1 Iuhhpdq/ 4<<8/ Wkh Lpsdfw ri Wd{ rq Iruhljq Gluhfw
Lqyhvwphqw= Hpslulfdo Hylghqfh dqg wkh Lpsolfdwlrqv iru Wd{
Lqwhjudwlrq Vfkhphv/ Lqwhuqdwlrqdo Wd{ dqg Sxeolf Ilqdqfh 5/ ;804391
Jxhvqhulh/ U1 dqg M1M1 Od￿rqw/ 4<;7/ D Frpsohwh Vroxwlrq wr d Fodvv ri
Sulqflsdo0Djhqw Sureohpv zlwk dq Dssolfdwlrq wr wkh Frqwuro ri d
Vhoi0Pdqdjhg Ilup/ Mrxuqdo ri Sxeolf Hfrqrplfv 58/ 65<069<1
Kddsdudqwd/ S1/ 4<<9/ Frpshwlwlrq iru Iruhljq Gluhfw Lqyhvwphqwv/
Mrxuqdo ri Sxeolf Hfrqrplfv 96/ 47404861
5;Od￿rqw/ M10M1/ dqg M1 Wluroh/ 4<;9/ Xvlqj Frvw revhuydwlrq wr Uhjxodwh Ilupv/
Mrxuqdo ri Srolwlfdo Hfrqrp| <7/ 94709741
Od￿rqw/ M10M1/ dqg M1 Wluroh/ 4<<6/ D Wkhru| ri Lqfhqwlyhv lq Surfxuhphqw
dqg Uhjxodwlrq/ PLW0Suhvv/ Fdpeulgjh/ Pdvvdfkxvhwwv1
Odxvvho/ G1/ dqg P1 Oheuhwrq/ 4<<8/ Rq wkh Wd{ Vfkhgxoh Qdvk Htxloleuld
ri d Ilvfdo Frpshwlwlrq Jdph LL= Wkh Odujh Lqyhvwru*v Fdvh/
xqsxeolvkhg qrwh/ OHTXDP/ Xqlyhuvlw| ri Dl{0Pduvhloohv 51
Pdunxvhq/ M1U1/ 4<<8/ Wkh Erxqgdulhv ri Pxowlqdwlrqdo Hqwhusulvhv dqg wkh
Wkhru| ri Lqwhuqdwlrqdo Wudgh/
Mrxuqdo ri Hfrqrplf Shuvshfwlyhv <+5,/ 49<04;<1
Pduwlpruw/ G1/ 4<<9/ Wkh Pxowlsulqflsdo Qdwxuh ri Jryhuqphqw/
Hxurshdq Hfrqrplf Uhylhz 73/ 608/ 9:6 ￿ 9;81
Pduwlpruw/ G1/ 4<<5/ Pxowl0Sulqflsdx{ dyhf Dqwl0Vhohfwlrq/
Dqqdohv G*￿frqrplh hw gh Vwdwlvwltxh 5;/ 406:1
Pduwlpruw/ G1 dqg O1 Vwroh/ 4<<:/ Frppxqlfdwlrq Vsdfhv/ Htxloleuld Vhwv/
dqg wkh Uhyhodwlrq sulqflsoh xqghu Frpprq Djhqf|/
Glvfxvvlrq sdshu &VWH35</ JVE/ Wkh Xqlyhuvlw| ri Fklfdjr1
Ph}}hwwl/ F1/ 4<<:/ Frpprq Djhqf| zlwk Krul}rqwdoo| Gl￿huhqwldwhg Sulqflsdov/
Udqg Mrxuqdo ri Hfrqrplfv 5;/ 65806781
Rovhq/ W1H1/ 4<<6/ Uhjxodwlrq ri Pxowldjhqw Uhvhdufk dqg Ghyhorsphqw/
Udqg Mrxuqdo ri Hfrqrplfv 57/ 85<08741
Rovhq/ W1H1/ dqg S1 Rvpxqgvhq/ 4<<<d/ Vwudwhjlf Wd{ Frpshwlwlrq= Lpsolfdwlrqv
ri Qdwlrqdo Rzqhuvkls/ Zrunlqj Sdshu qr1 43<;/ Ghsduwphqw ri Hfrqrplfv/
Xqlyhuvlw| ri Ehujhq1
Rovhq/ W1H1/ dqg S1 Rvpxqgvhq/ 4<<<e/ Frpprq djhqf| zlwk rxwvlgh rswlrqv>
wkh fdvh ri lqwhuqdwlrqdo wd{dwlrq ri dq PQH/ Glvfxvvlrq Sdshu 52<</
Ghsduwphqw ri Ilqdqfh dqg Pdqdjhphqw Vflhqfh/ Qruzhjldq Vfkrro ri
Hfrqrplfv dqg Exvlqhvv Dgplqlvwudwlrq1
Rvpxqgvhq/ S1/ Kdjhq/ N1S1/ dqg J1 Vfkmhoghuxs/ 4<<;/ Lqwhuqdwlrqdoo| Preloh
Ilupv dqg Wd{ Srolf|/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 78/ <:04461
Shwhuv/ P/ 4<<</ Frpprq Djhqf| dqg wkh Uhyhodwlrq Sulqflsoh1
Plphr/ Mdqxdu| 4<<<1
Urfkhw/ M10F1 dqg S1 Fkrqh/ 4<<;/ Lurqlqj/ vzhhslqj/ dqg Pxowlglphqvlrqdo
5<Vfuhhqlqj/ Hfrqrphwulfd 99+7,/ :;60;591
Vwroh/ O1/ 4<<5/ Phfkdqlvp Ghvljq xqghu Frpprq Djhqf|/
Zrunlqj sdshu/ Xqlyhuvlw| ri Fklfdjr1
]rgurz/ J1U1 dqg S1 Plhv}nrzvnl/ 4<;9/ Sljrx/ Wlherxw/ Surshuw|
Wd{dwlrq/ dqg wkh Xqghusurylvlrq ri Orfdo Sxeolf Jrrgv/




01 efiiciency type 




01 efiiciency type 
Iljxuh 51 Iluvw0ehvw +khdy| olqhv, dqg frpprq djhqf| +wklq olqhv, lqyhvwphqwv
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